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EXPLANATION  OF  PLATES  Vlll.  AND  IX 


ite  VIII  is  a  ground  plan  qf  the  Chemical  Laboratory 
Lecture  Room  in  Harvard  College. 
I  ■  pari  ■pproptialed  to  the  ludieiice,  a  entrance. 

I  Ihr  bodj  of  the  Ubmalorj.  *  leolure  lible  conlablng  e  c  oiitFTOi  for 
lumwlHil  wllh  ftoii-cockt  projecting  through  Ihe  cnrrri,  which  on  be 
td  when  lsri;e  jan  are  (a  be  filled.  7'o  the  tlop-cocki  flexible  tube* 
«  CBWiecterl  to  rorm  'be  trnj-byilrogen  blow-pipe,  the  lubet  coinmUTti- 
wilh  ■  jet  rxnurd  of  Iwo  conet,  aee  aectioo  (t%.  16,  pi  0.)  d,  pneii- 
table,  (_&$.  73.  pi-  3.)  e,  furiiBce  dove.  /.  uiCrcunal  cittern,  (pi.  3, 
I  }  g.  Table  wilh  etectncBt  niHcbine.  h,  Table  with  air  pump,  it  ii. 
Tor  tpparalua.    k.  Large  Calorimotor.     I,  Utaagrator.    m,   Small  uni- 

Table  wilh  dniren  in  the  Torm  of  a  double  croit,  Tor  the  ^eiieral  oie>  af 

fible  wilh  ticv,  anviti,  mnrlarf,  files,  JlO. 
Ubir  wilb  balaucei  iu  glazed  cabei. 
loiallet  table. 

^•k,  ptimp,  bo  I  lie  rnclii,  Lo, 

M)i  bith.  3.  a  furnace  for  the  prnilnclion  of  (i>y|in  and  other  gaiei, 
idrnmace  nith  air  fluei  (13)  Dltder  the  floor  of  the  labornlor}-.  See  Sic- 
'1.  a,  fig,  »).  4.  ^xaj  furnace.  6,  Force.  6,  A  copper  boiler,  (pUle 
97,)  &c.  7,  Refrigerator  J.  8,  Anvil,  9,  L'rivertal  furnace,  (fig,  3,  pi. 
0,  Copper  gatoiaeter,  from  which  tube*  pafi  into  the  lecture  room.  1 1, 
IderT.  IS,  Rackr,  wilh  te«t  tuber,  bo.  («ee  fig*.  17  and  18,  pi.  9.)  14, 
Hortar.     15.   Door  conimutiicalinE  wilh  the  lecture  room. 

le  IX  exhibits  sections  of  the  furnaces,  and  views  of 
il  ujt^ul  parts  of  the  apparatus  not  described  in  the 
•>f  tAe  work. 

I  M  a  KctioQ  of  (he  fanJ  furnace,  I  PI.  8. 

!  ia  a  ditto      of  the  wind  ditio,  3  PI.  8.    a  i>  a  fltie  comniunicBting  with 

erior  of  the  bnildin|  for  the  adrDiftion  of  cold  air  to  (he  fire  plnce.     b 

-pH.    t  •  plate  of  iron  to  direct  the  carreol  of  air  (hroush  the  grate  d, 

'**Ue  eoTcr.    /  the  chimnej. 

lichl**  inpnired  Black't   portable   furnace.    <i  iron  kettle  to  oontBiD 

hich  flti  into  the  opeornK  at  the  lop  of  the  furrtace.     b  a  cover,     c 

e  to  vfRch  there  ii  a  correipondinf;  one  oa  the  oppotile  tide  for  the 

ioB  of  a  tube  to  pan  through  the  furnace. 

I  mpellins  or  enamelling  furnace,    a  the  ■ab-pil.     c  the  grale.     d  the 

'    t  the  opcDiDg  for  iuiroduciDg  the  muffle.     /  (be  chiuinej.     g  the 

^  PntaUe  furnace  of  earthen  ware  which  may  be  placed  on  a  table. 
t  (ruett  are  mBDnfaclureU  bj  Mr  Miller,  of  Fhitadelpbia,  and  are  con- 
!"""  ■my  puTpoaei. 
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Till  EXPLANATION  OF   PLATES. 

6  A  filtering  bagp.    7,  8  and  9  Evaporating  basini. 

10  A  platinam  cmcible  and  cover.  1 1  Skittle  shaped  omcible.  12  Cof^ 
ered  do.     13  An  iron  ring  covered  with  cloth  for  supporting  retorts. 

14  A  small  Calorimotor  for  exploding  gases  bj  the  ignition  of  a  fine  platioufi 
wire,  in  the  glass  vessel  fig.  15.  The  ressel  having  been  filled  with  tht 
miied  gases,  bj  means  of  the  air  pump»  is  placed  upon  the  cross  bar  of  Ibt 
Calorimotor  and  tha  thick  wires  a  a,  which  are  connected  bj  the  Jimi$ 
platinum  wire  6,  are  brought  in  contact  with  the  poles  of  the  calorioMilw 
bj  means  of  the  screws  a  a,  fig.  14.  A  copper  vessel,  coated  within  nA 
without  with  cement,  is  represented  beneath  the  plates  of  the  instmmeiriL 
The  contact  being  made,  the  copper  vessel  containing  the  liquor  is  raiitd 
until  the  plates  are  immersed,  when  the  small  wire  b  is  instantlj  ignited.  For  a 
full  account  of  this  most  convenient  apparatus  see  Dr  Harems  description  hi  Urn 
American  Journal  of  Scienoe,  vol.  z.  67. 

16  Jet  for  the  oiy-hydrogen  blow-pipe,  formed  of  two  cones,  with  an  int«w 
veuing  space,  a  an  internal  screw  communicating  with  the  space  between  the 
cones  ;  b  a  similar  screw  communicating  onlj  with  the  inner  cone.  The  gaai^ 
issue  at  the  orifices  e,  and  either  gas  maj  be  made  to  surround  the  other. 

17  A  filtering  stand. 

18  A  rack  for  test-glasses. 

19  A  small  anvil. 

20  Alcohol  blow-pipe,  a  a  spherical  copper  vessel  furnished  with  a  safely 
valve  6;  the  alcohol  being  made  to  boil  by  the  flame  of  the  lamp  e,  |li 
vapour  passes  out  through  the  jet  if,  just  above  the  wick  of  the  lamp,  whkk 
inflames  it. 

21  is  the  muffle  represented  at  if,  fig.  4.  , 
82  Precipitating  jars. 

23  Hessian  crucibles. 

24  The  principal  varieties  of  tongs  useful  in  the  laboratory.  ' 

25  A  long  funnel  for  introducing  liquids  into  retorts  without  soiling  th4lr 
necks.  ' 

26  An  adopter  for  lengthening  the  necks  of  retorts. 

Fig.  27,  is  a  vertical  section  of  one  of  the  cisterns  within  the  lecture  tatf* 
(c  e  of  plate  viii.)    One  half  of  each  is  covered  so  as  to  form  an  air-tight  boKi 
the  partition,  which  divides  the  cistern  and  forms  one  side  of  the  box,  rlniro^j 
ing  to  within  two  inches  of  the  bottom,    if,  e  are  two  air*cocks,  one  rertioili 
the  other  horizontal.    The  air  cocks  being  open  the  cistern  is  filled  with  watir, 
they  are  then  closed,  and  the  cock  at  /  opened  which  allows  the  water  jte' 
escape  till  the  lower  edge  of  the  partition  is  nearly  uncovered  ;  the  water  !•>  - 
tnaining  within  the  box  a.    A  tube  c  passes  down  the  side  of  the  cistern  apAr 
along  its  bottom,  turning  up  under  the  partition  ;  through  this  any  gas  may  bt- 
introduced,  which,  rising,  displaces  the  water  in  a,  causing  it  to  pass  into  Ilit 
other  part  of  the  cistern  6.    When  the  gas  is  wanted  for  use  it  is  only  neo«t 
sary  to  open  one  of  the  air-cocks  e,  d,  and  the  water  in  6  falling  expels  the  gM 
from  a  through  it,  where  it  may  be  received  in  air  jars  placed  over  the  hoil»> 
sontal  cock,  or  be  allowed  to  pass  into  a  tube  screwed  upon  d. 
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line  13,  for  sulphate,  read  salphnret* 
"     10,  "    **  fig.  48»»  read  **  63.»» 
J9,  "    1824,  "      1814. 

25,  **      6,  "        I. 

16,  insert  the  tipi  —  before  40°. 
12,  for  «^  effected^  read  «« affected.^* 
15,  "    **  directly*'  read  "  inversely." 
/or  PI   1,  read  PI.  2. 
'9th  line  from  bottom,  insert  after  *'  was"  ^^  connected^  whQe   the 

substance  itself  was." 
22d  line,  for  **  fig.  57"  read  »*  56."  1 

12     **    insert  ««"  after  «67." 
25     «    after    •*//"  insert  «  and  82." 
24      *•    for  "e"  read  «M." 

in  the  second  process  for  obtaining  chlorine,  insert  alter  '■relorP* 
**  and  pour  on  them  four  ounces  of  sulphuric  acid,  which  haa 
diluted  previously  with  4  ozs.  of  water  and  mffiBred  to  oool 
dilution."  .   « 

for  "Chevenix"  read  "Chenevix." 
tor  PI.  2,  read  PI.  4. 

11th  line  from  the  bottom  read  «  88  and  77,  c." 
7th    «*  «        dele  « See  fig.  86." 

line  9,  dele  **fig.  97." 

7th  line  from  the  bottom  insert  after  «97"  «*o." 
first  line  of  note  for  fig.  110,  read  fig.  112. 
3d  line,  for  fig.  Ill,  read  fig.  113. 
for  fig.  lis,  read  114. 
"    113,    ««    1J6. 
-«    114,    «    116. 
for  chap.  vi.  read  vii. 
in  margin,  for  **  calculuos,"  read  **  calcnlui." 
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MANUAL  OF  CHEMISTRY. 


1,  It  is  the  object  of  Chemistry  to  investigate  all  changes  in  ohj«i»f 
the  constitution  of  matter,  whether  effected  by  heat,  mixture,  '^'«"''»7' 
or  other  means."  -  --. 

Most  of  the  substances  belonging;  to  our  globe  are  constantly  ) 
undergoing  alterations  in  sensible  qualities,   and    one  variety 
of  matter  becomes  as  it  were  transmuted  into  another.     Such 
changes,  whether  nalnralor  artificial,  whether  slowly  or  rapidly 

performed,  are  called   chemical;  ihua  the    gradual  and  almost       

imperceptible    decay   of   the    leaves   and  branches    of  a  fallen 

tree  exposed  to  ihc  atmosphere,  and    the    rapid  combustion    of 

wood  in  our  fires,  are  both  chemical  operations.     The  object  of 

chemical  philosophy  is  to  ascertain  the  causes  of  all  phenomena 

of  this  kind,  and  to  discover  the  laws  by  which  they  are  gov-  — 

erned.t     The  ends  of  this  branch  of  knowledge  are  the  appli- 


Jfring  llM  srl  ^f  mnfaiif  foU 
m,  it  ■  «<M.  Ds^t  th"  mw  of 
i.it.  with  idt  Anbiu.  ulictt  al 

I  wAj  \bt  philu«op1i«r'a  iipBfl. 
ffta  of  Cf>mpoti1i0D  thai  occur 


ATTRACTIOS. 

cation  of  Datural  substances  to  new  uses,  for  increasing  thi 
comforts  and  enjoyments  of  man,  and  the  demonstration  of  thi 
order,  harmony,  and  intelligent  design  of  the  system  of  tlv 
earth.     D.  I.  i. 

3.  The  general  range  of  Chemistry,  is  so  extensive,  and  ih 
individual  cases  requiring  explanation,  are  so  numerous,  tbi 
arrangement  is  of  ihe  first  consequence  to  its  successful  study 
and  in  the  present  state  of  our  knowledge,  it  will  be  fouH' 
most  convenient  to  begin  with  the  discussions  relating  to  th' 
general  powers  or  properties  of  matter,  and  afterwards  I 
proceed  to  the  examination  of  individual  substances,  and  to  tb 
phenomena  which  they  offer  when  presented  to  each  othe 
under  circumstances  favourable  to  the  exertion  of  their  mutui 
chemical  agencies.    ) 

3.  The  powers  and  properties  of  matter,  connected  with  J 
mical  changes,  may  be  considered  under  the  heads  of 

1.  Attraction. 

2.  Heat. 

3.  Electricity. 
''        The  foundations  of  chemical  pl)i)osophy  are  observalioDf  4 

\^eriment,  and  analogy.  By  observation,  facts  are  distinct 
and  minutely  impressed  on  the  mind.  By  analogy,  similar  feci 
are  connected.  By  experiment,  new  facts  are  discovered  ;  an 
in  the  progression  of  knowledge,  observation,  guided  by  a 
ogy  leads  to  experiment,  and  analogy  confirmed  by  experu| 
becomes  scientitic  truth.     D.  1,  S.*  '^ 


Section  I.     t^ilraclion. 
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'  4.  All  bodies  composing  the  material  system  of  the  un 
verse  have  a  mutual  tendency  to  approach  euch  other,  whatsi 
ever  may  be  the  distances  at  which  they  are  placed.  The  op 
ration  of  this  force  extends  to  the  remotest  parts  of  l,he  plai 
etary  system,  and  is  one  of  the  causes  that  preserve  IJ 
regularity  of  their  orbits.  The  smaller  bodies,  also,  that  a 
under  our  more  immediate  observation,  are  influenced   by  ll 
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le  power,  and  fall  to  the  earth's  surface,  when  not  prevent- 
by  the  inlerference  of  other  forces.     From  ihese  fads  the 
■tence  of  a  property  has  been  inferred,  which  has  been  called 
raetion,  or    more  specifically,  ihe  at iraclion  of  gravi ta- 
ils nature  is  enlirety  unknown   to  us.     H.  1,28,     The 
nction  between  these  bodies  takes  place  at  sensible  distances; 
czisls  in  all  known  forms  of  matter;  and  it  acts  upon  them 
tctly  as  the  mass,  and  inversely  as  the  square  of  the  distance. 
',  From  reviewing    bodies  in  the  aggrepiale,  we  may  next  hjai^i. 
nceed  to  contemplate  them  as  composed  of  minute  particles. 
V  the  nature   of  these  particles  we  have  no  satisfactory  evi- 
In  simple  bodies  the  particles  must  be  all  of  the  same 
Mure,  or    homogeneous.     In    compound    bodies,    we    are    to 
Bdentand  by  the  term  particles,  the  smallest  parts  into  which 
mies  can    be    resolved  without  decomposition.      The    word 
ttom  has  of  late  been  revived,  to   denote  both  these  kinds  of  Aiom^ 
iriicles  ;  and  we  may  therefore,  speak  with  propriety  o^ sim- 
'l  atoms  and  of  compound  atoms.      When    two    atoms  of 
Herent  kinds  unite  to  form  a    third   or  compound   atom,  we 
>y  term  the  two  first  component  aloms;  and  if  these  have 
)t  been  decomposed,  they  may  be  called  elementary  or  pri- 
ary  atoms.     H.  1,  28. 

6.  Attraction  is  exerted  between  these  minute  particles,  or  romip. 
toms,  when  they  are  placed  in  apparent  contact,  and  is  efTeclive  """"' 

only  at  insensible  distances.  This  has  been  called  contiguous 
attraction,  and  has  been  distinguished  as  it  js  exerted  between 
particles  of  matter  of  the  same  kind,  or  between  particles  of  a 
different  kind.  When  the  particles  of  the  same  kind  are  Cd)>«>io 
united  lo  form  an  aggregate  or  mass,  they  are  sometimes  said 
Id  be  united  by  the  affinity  of  aggregation,  the  cohesive 
affinity,  or  by  that  force  or  power  termed  cohesion. 

7.  The  attraction   which   is  exerted  at  insensible  distances,  Aimcii 
preserves  the  form,  and  modifies  the  texture  of  solids,  gives  iH^Vi!.'' 
a  spherical  figure  to  fluids,  causes  the  adhesion  of  surfaces,  and 
influences  the  mechanical  characters  of  bodies.     When   it  ope- 
rates  upon  dissimilar  particles,  it  produces  their  union,  giving 
rise  to  new  and  infinitely  varied  productions.     It  is  this  kind  of 

^Bttraction    which   is  distinguished  as  heterogeneous ;  it  is  also 

Etalled  Chemical  attraction,  or  Affinity, 

■  8.  The  results  of  atlraclion,  as  relating  to  the  texture  and 

Hbnns  of  matter,  are  influenced  by  the  circumstances  under 
which  il  has  taken  place.  Sometimes  the  particles  are,  as  it 
were  indiscriminately  collected  ;  and  at  others  they  are  beauti- 
fully arranged,  giving  rise  to  regular  and  determinate  figures  : 
in  this  case,  bodies  of  the  same  composition  almost  invariably 
affect  the  same  form ;  hence  we  are  often  enabled  to  infer  the 
composition  of  a  substance  from  accurate  inspection  of  its  exter- 
nal or  mechanical  characters. 

S.    The    regular   polyedral    solids   thus   resulting   from    the  crj^tui 


Ifiuence  of  Btlracllon  upon  certain  kinds  of  matter,  are  u 


,.lly 


ATTBACTIOir. 


^ 


SffH' 


called  crystals;*  and  the  bodies  are  said  to  be  susceptible  of 
crt/sta  llisa  Hon. 

10.  To  enable  the  particles  of  bodies  to  assume  that  re^lar 
„  rorm  which  crystals  exhibit,  it  is  obvious  that  ihcy  must  have 

freedom  of  motion  ;  and  accordingly  the  first  step  towards  ob- 
taining a  body  in  its  crystalliae  form,  is  to  confer  upon  it 
either  the  liquid  or  aeriform  slate.  The  former  is  usually 
effected  by  solution  in  water;  the  latter  by  exposure  to 
heal. 

11.  The  term,  solution,  is  applieil  to  a  very  extensive  class 
of  phenomena.  When  a  solid  disappears  in  a  liquid,  if  the  com- 
pound exhibit  perfect  transparency,  we  have  an  example  of 
solution.  The  expression  is  applied  both  to  the  acl  of  combi- 
nation, and  to  the  result  of  the  process.  When  common  salt, 
such  as  is  used  in  cookery,  is  a;;it3ted  with  water,  it  disap- 
pears;  in  other  words,  its  solution  takes  place;  and  we  also 
term  the  liquid  which  is  obtained,  a  solution  of  salt  in  water. 
This  is  one  of  the  simplest  cases  that  can  be  adduced  of  the 
efficiency  of  chemical  attraction  ;  lor  solution  is  always  the  result 
of  an  attraction  or  affinity,  between  the  fluid  and  the  solid 
which  ia  acted  upon,  feeble  it  is  true,  yet  sufficient  in  force  ts 
overcome  the  cohesion  of  the  solid.  The  affinity  continues  to 
act  until  at  length  a  certain  point  is  attained,  where  the  affinity 
of  the  solid  and  fluid  for  each  other  is  overbalanced  by  the 
cohesion  of  the  solid,  and  the  solution  cannot  be  carried  farthen 
This  point  is  called  saturation,  anii  the  fluid  obtained  is  lerined 
a  saturated  solution.     H.  1,  31. 

1-J.  The  particles  of  the  salt  may  be  regarded  as  disposed  ■! 
regular  distances  throughout  the  fluid  ;  and  if  the  quantity  d 
water  be  considerable,  the  particles  will  be  too  far  asunder  la 
exert  reciprocal  attraction;  in  other  words,  ihey  will  be  mim 
powerfully  attracted  by  the  water  than  by  each  other.  If  we 
now  slowly  get  rid  of  a  portion  of  the  water  by  evapora- 
tion, the  saline  particles  will  gradually  approach  each  otberi 
and  they  will  aggregate  according  to  certain  laws  producii 

.   regular  solid  of  a  cubic  form. 

13.  To  recover  a  salt  from  its  solution,  if  its  solubility 
not  vary  with  the  temperature  of  the  solvent,  as  in  thi 
of  common  salt,  it  is   necessary  to  expel  a  portion  of  the 
by    heat.     This  constitutes  the  process  of  evaporation. 
i.  31. 

1-      14.  The  regularity  of  thehgureoblained  will  beinfluencedl 
the  rapidity  of  the  evaporation  ;  if  the  process  be  slowly 
ducted,  the  particles   unite  with  great  regularity ;  if  hurried, 
the  crystals  are  irregular  and  confused.      In  common  cases 
evaporation  may  be  continued  till  a  pellicle  forms  upoa 
surface  of  the  solution,  which  indicates  that  the  attraction  i 
saline  particles  for  each  other,  is  becoming  superior  to 


lelion  for  the  water.  The  formation  therefore,  of  a  superft-  Tin 
I  pellicle  is  the  common  criterion  of  the  Illness  ofa  solution  1'"^ 
'  crystallization  ;  but  where  Ihc  object  Is  to  obtain  very 
regular  and  rery  large  crystals,  the  eraporatioD  must  be  much 
slower,  and  carried  to  much  less  extent;  even  spontaneous 
evaporation,  or  that  which  takes  place  at  common  temperatures, 
must  be  resorted  to. 

15.  There  are  certain  bodies  which  may  be  dissolved  or  ,„ 
liquified  by  heat,  and  during  slow  cooling,  may  be  made  to  "ii 
crystallize.  This  is  the  case  with  many  of  the  metals,  and  with 
sulphur.  Some  other  substances,  when  heated,  readily  assume 
tbe  slate  of  vapour,  and  during  condensation,  present  regular 
crystalline  forms ;  such  as  iodine,  benzoic  acid,  camphor,  &c. : 
and  in  this  way  crystals  of  snow  are  produced  by  the  cooling  of 
aqueous  vapour. 

16.  Some  substances  are  so  easily  decomposed  by  heat,  and  ^'f 
at    the    same  time  retain  water  with  such  avidity,    that  it  is  •»> 
impossible  to  crystallize  them  by  any  of  the  above  processes;  (" 
in    these   cases   cry^Iallizalion  may  sometimes  be  effected    by 
placing  the  solution  under  the  exhausted  receiver  of  an  air- 
pump,  over  the  surface  of  sulphuric  acid,  which,  by  absorbing 
the  vapour  as  it  rises,  causes  rapid  evaporation  without  increase 
of  temperature. 

17.  In  the  act  of  separating  from  the  water  in  which  they  w. 
were  dissolved,  the  crystals  of  almost  all  salts  carry  with  them  "li 
a  quaoiiiy  of  water  which  is  essential  to  the  regularity  of  their 
form,  and  cannot  be  expelled  without  reducing  them  to  shape- 
less masses.     It  is  termed  their  water  of  cryslallizatton.     H. 

i.  32. 

18.  The  hardness,  brilliancy,  and  transparency  of  crystals, 
also  often  depend  upon  their  containing  this  water,  which 
sometimes  exists  in  them  in  large  quantities.  Thus,  sulphate 
of  soda,  in  the  state  of  crystals,  contains  more  than  half  its 
weight.  Sulphate  of  lime,  in  its  crystallized  form,  contains  about 
SO  per  cent,  of  water,  which  it  loses  at  a  red  heat,  and  the 
crystals  crumble  down  into  the  white  powder  called  Plaster  of 
Paris.  Some  salts  part  with  it  by  simple  exposure  to  dry  air, 
when  they  are  said  to  effloresce;  but  there  are  other  salts  ™ 
which  deliquesce,  or  attract  water  from  the  atmosphere.  Those  "■■' 
crystals  which  elBoresce  by  exposure  to  air,  may  often  be  con- 
veniently preserved,  by  slightly  oiling  their  surfaces.  The 
best  method  is  lo  soak  the  crystals  in  oil  for  a  few  hours,  and 
then  to  wipe  them  and  put  them  up  in  bottles. 

19.  Those  crystals  in  which  the  water  of  crystallization  is  ''Yj^ 
so  abundant,  as  to  liquefy  them  on  the  application  of  heat,  arc 
sometimes  said  lo  undergo  the  watery  fusion. 

SO.  Some  salts,  in  consequence  probably  of  their  strong 
UtractiOQ  for  the  water  that  retains  them  in  solution,  cannot 
^brought  to  crystallize  io  the  ordinary  way.  In  such  cases, 
Rllizalioa   may   be  effected  by  the  addition  of  substances 


CRrSTALLlZATlOM, 

having  a  strong  affinity  for  water,  by  which  its  attraction  fo: 
the  dissolved  matters  is  weakened  ;  thus  alcohol,  added  to  cer 
tain  aqueous  saline  solutions,  produces  a  separation  of  crystals 
but  they  are  generally  small  and  indistincL 

21.  When    two   salts    of  difierent  solubilities  are  present  ii 

the  same  solution,  they  of^en  may  be  separated  by  crystallize 

tioo,  that  which  is  least  soluble  constituting  the  earlier  crop  o 

crystals. 

r.,.,.         22.  CrysEaliizalion   is  accelerated    by    introducing  into    Ihi 

"^*  solution    a    nucleus,    or   solid    body,    upon    which    the  proctes 

begins;  and  manuraclLtrers  often   avail  themselves  of  this  cir 

cumslance.     Thus  wc  see  sugar-candy  crystallized  upon  strings 

and  verdigris  upon  sticks.     There  are  cases  in  which  it  Is  par 

licularly  advantageous  to  put  a  few  crystals  of  the  dissolved  sai 

into  the  soiulion,  which  soon  cause  a  crop  of  fresh  crystals 

In    some    instances,    if    there    be   two  salts    in    solutioo,    (ha 

will  most    readily  separate  of  which    the  cr3utals  have    beei 

introduced. 

sTob-      23,  By  placing  a  crystal  of  the  same  nature  in  a  aatiiratei 

■uii.   solution  of  a   salt ;  and    turning  it   daily,  so    that  the  differen 

sides  shall  be  succofsively  exposed  to  the  liquid,  very  large  ant 

perfect  crystals  may  be  obtained.     This  fact   was  first  notice* 

by  M.Le  Blanc  of  Paris. 

C24.  A  strong  saline  solution,  excluded  from  the  air,  will  fre 
quently  crystallize  the  instant  that  air  is  admitted  ;  a  circum 
Stance  unsatisfactorily  referred  to  atmospheric  pressure.  Ij 
other  cases,  agitation  produces  the  same  effect. 

If  we  make  a  saturated  solution  of  Glauber's  salt  in  boilinf 
water,  in  a  small  matrass,  cork  it  tight,  and  allow  it  to  remaii 
at  rest  till  perfectly  cool,  the  soiulion  will  remain  fluid  ;  but  oi 
withdrawing  the  cork  crystallization  will  generally  commence 
should  it  not,  the  introduction  of  a  small  piece  of  the  same  sal 
will  usually  eficct  it.   ") 

These  phenomena  seem  connected  with  the  doctrine  of  laten 
heal,  but  hitherto  they  have  only  been  imperfectly  investigated 
in  some  cases  they  have  been  shown  by  Dr  Ure  to  be  affectei 
by  electrical  changes.     Quarttrly  Journal,  Vol.  x.  p.  6. 

85.  Tlie  presence  of  Ught  also  influences  the  process  of  crys 
flu.  tsllization.  Thus  we  see  the  crystals  collected  in  campho: 
'"^'  bottles  in  druggists'  windows  always  most  copious  upon  thi 
surface  exposed  to  light ;  and  if  we  place  a  solution  of  nitre  ir 
a  room  which  has  the  light  admitted  only  through  a  small  holi 
in  the  window  shutter,  crystals  will  form  most  abundantlj 
upon  the  side  of  the  basin  most  exposed  to  the  aperture  througl 
which  the  light  enters,  and  often  the  whole  mass  of  cryslaii 
will  turn  towards  it. 

Many  saline  solutions  form  arborescent  crystalline  pellicles 
when  left  to  spontaneous  evaporation,  which  slowly  travel  u[ 
the  sides  of  the  basin,  and  gradually  proceed  down  upon  lh( 
outside:  this  process  also  always  begins  on  the  side  nearest  tht 
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ight,  and  is  often  confined  to  it.     Acetate  of  lime,  exhibits 
ihis  appearance  in  a  very  beautiful  manner.     Mkirii^s  Diet. 

hrt,  LtlGHT. 

26.  We  may  now  proceed  to  examine  the  structure  of  crys-  stmcturtof 
lallized  bodies,  upon  which  the    Theories  of  Crystallization  J^JJ^,""*'* 
ire  founded.     This  inquiry  exposes  a  connecting  link  between 
the  chemical  and  mechanical  properties  of  bodies. 

It  is  commonly  observed,  that  crystallized  bodies  affect  one  x„^aM  one 
form  in  preference  to  others.  The  fluor  spar  of  Derbyshire  ft^  Jjjj^ 
crystallizes  in  cubes :  so  does  common  salt.  Nitre  assumes  the 
form  of  a  six-sided  prism,  and  sulphate  of  magnesia  that  of  a 
foar-sided  prism.  These  forms  are  liable  to  vary.  Fluor  spar 
md  salt  crystallize  sometimes  in  the  form  of  octoedra ;  and 
there  are  so  many  forms  of  carbonate  of  lime,  that  it  is  di£Scult 
to  select  that  which  most  commonly  occurs.  ^ 

Rome  de  Lisle  referred  these  variations  of  form  to  certain  In  mn^tiei 
truncations  of  an  invariable  primitive  nucleus ;  and  Gahn  after-  ^L^'ll^^l.h- 
wards  observed,  that  when  a  piece  of  calcareous  spar  was  care-  JlJJJjJ^nuciir. 
folly  broken,  all    its  particles   were  of  a  rhomboidal  figure. 
This  induced  Bergman  to  suspect  the  existence  of  a  primitive 
Dodeus  in  all  crystallized  bodies.     {Physical  and  Chemical 
Essays^  Vol.  II.  p.  1.)     When   Haiiy  entered  the  field  of  in- 
quiry, he  not  only  corroborated  the  opinions  of  Bergman,  and 
submitted  former  hypotheses  to  experimental  proof,  but  traced 
with    mutfh    success  the  laws  of  crystallization   and  pointed 
out  the  modes  of  transition  from  primitive  to  secondary  figures. 
Traitt  de  MincralogiCy  Paris,  1801. 

27.  Every  crystal   may  be   divided  by  means  of  proper  in-  ^  „^,,  ^^ 
struments;  and,  if  split  in   certain   directions,  presents  plane  noT'bV  tpiTt 
md  smooth  surfaces.     If  split  in  other  directions,  the  fracture  '^^^1!^ 
is  rugged,  is  the  mere  effect  of  violence,  and  is  not  guided  by  •li^ct**'"*- 
the  natural  joining  of  the  crystal.     This  fact  has  been  long 
known  to  jewellers  and  lapidaries ;  and  an  accidental  observa- 
tion of  it  proved   to  the  Abb^  Haiiy,  the   key  of  the  whole 
theory  of  crystallization.     By  the  skilful  division  of  a  six-sided 
prism  of  calcareous  spar,  he  reduced  it  to  a  rhomb,  precisely 
resembling  that  which  is  known  under  the  name  of  Iceland 
crystal.     Other  forms  of  calcareous  spar  were  subjected  to  the  H»«y'«  prim- 
ume  operation ;  and,  however  different  at  the  outset,  finally  *^^*    "^ 
agreed  in  yielding,  as  the  last  product  a  rhomboidal  solid.     It 
was  discovered   also   by   Haiiy,  that  if  we  take  a  crystal  of 
iDother  kind   (the  cubic  fluor  spar,  Derbyshire  spar  for  in-  . 
stance,)  the  nucleus,  obtained  by  its  mechanical  division,  will  / 
have  a  different  figure,  viz.  an  octoedron.     Other  crystallizea 
i>odies  produce  still  different  forms ;  which  are  not,  however, 
Tery  numerous.     Those  which  have  hitherto  been  discovered, 
ire  reducible  to  six;  the  parallelopiped,  fig.  1,  which  includes  pi.  1. 
the  cube,  the  rhomb,  and  all  the  solids  which  are  terminated 
by  six  faces,  parallel  two  and  two ;  the  tetraedron,  fig.  2  ;  the 
octoedron,  fig.   3;  the   regular   hexaedral  prism,    fig.  4;  the 
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doilecaedron  with  equal  and  Bimilar  rhomboidal  planes,  fig.  5 
an<l  ihe  dodecaeilroa  with  triangular  planes,  fig.  6. 

28.  The  solid  of  the  primitive  form,  or  nucleus  of  a  crysts 
obtained  by  mechanical  division,  nuy  be  subdirided  in  a  direc 
lion  parallel  to  its  diSerent  faces/  All  the  sections  thus  pro 
duced  being  similar,  the  resulting  solids  are  precisely  simila 
in  shape  to  the  uucleus,  and  differ  from  it  only  in  size,  whici 
continues  to  decrease  as  the  division  is  carried  farther.  Ti 
this  division,  however,  there  must  be  a  limit,  beyond  whicl 
we  should  come  to  particles  so  small,  that  ihey  could  nolonge 
be  divided.  At  this  term  therefore,  we  must  slop  :  sod  t 
these  last  particles,  the  result  of  an  analysis  of  the  primitiv 
nucleus  and  similar  to  it  in  shape,  Haiiy  has  given  the  name  c 
the  integrant  molecule.  If  the  division  of  the  nucleus  ca 
be  carried  on  in  other  directions  than  parallel  to  its  faces,  th 
integral  molecule  may  then  have  a  figure  different  from  that  ( 
the  nucleus  The  forms,  however,  of  the  integrant  moleculi 
which  have  hitherto  been  discovered,  are  only  three ;  the  tetraf 
dron,  fig.  2,  the  simplest  of  pyramids;  the  triangular  prisn 
fig.  7,  the  simplest  of  prisms  :  and  the  parallelepiped,  incluc 
ing  the  cube  and  rhomboid,  the  simplest  of  solids  which  hav 
their  faces  parallel  two  and  two.  With  respect  to  ocloedral  cry: 
tats  there  is  a  difficulty,  whether  the  octoedron,  or  tetraedro 
is  to  be  adopted  as  the  primitive  form ;  and,  whichsoever  h 
chosen,  since  neither  of  them  can  fill  space  without  leavin 
vacuities,  it  is  not  easy  to  conceive  any  arrangement,  by  whic 
the  particles  will  remain  at  rest.  To  obviate  this  difficulty,  E 
'  Wollaston  has  suggested,  that,  in  such  instances,  the  elemenl 
ry  panicles  may  be  perfect  spheres;  and,  by  the  due  applici 
tion  of  spheres  to  each  other,  he  has  shown,  that  a  variety  t 
crystalline  forms  may  he  produced;*  viz.  the  ocloedron,  tl^ 
lelraedron,  and  the  acute  rhomboid.  If  other  particles  havin 
the  same  relative  arrangement,  be  supposed  to  have  the  shaj 
of  obiate  spheroids,  the  regular  rhomboid  will  be  the  resullin 
figure;  and  if  the  spheroids  be  oblong  instead  of  oblate,  the 
will  generate  prisms  of  three  or  six  sides.  The  cube,  also,  T 
Wollaston  has  shown,  may  be  explained  by  the  aggregation  t 
spheroidical  particles.  \ 
.  29.  A  method  of  developing  the  structure  of  crystals,  by 
■  new  process  which  appears  greatly  superior  to  that  of  mechai 
ical  division,  has  been  described  by  Mr  Daniell.t  It  consists  i 
exposing  any  moderately  soluble  salt  to  the  slow  and  regulate 
action  of  a  solvent.  A  shapeless  mass  of  alum,  for  instanc 
weighing  about  1500  grains,  being  immersed  in  15  ounc 
measures  of  ivatcr  and  set  by,  in  a  quiet  place,  for  a  period  • 
three  or  four  weeks,  will  be  found  to  have  been  more  dissolve 
toward  the  upper  than  the  lower  part,  and  to  have  assumed 
pyramidal  form.  On  further  examination,  the  lower  end  of  tl 
mass  will  present  the  form  of  octoedrons  and  sections  of  octo 
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drons,  in  high  relief  and  of  various  dimensions.     They  will  be  pi.  i. 
most  distinct  art  its  lower  extremity,  becoming  less  so  as  they 
iscend,   fig.   9.     This   new  process   of    dissection   admits   of 
extensive  application^     Borax,  in  the  course  of  six  weeks,  ex- 
hibits eight  sided  prisms  with  various  terminations ;  and  other 
salts  may  be  made  to  unfold  their  external  structure  by  the  slow 
agency  of  water,  fig.  8.     Carbonate  of  lime,  carbonate  of  strontia, 
and  carbonate  of  baryta,  give  also  distinct  results,  when  acted 
upon    by  weak  acids;  and  even    amorphous  masses  of  those 
metals,  which  have  a  tendency  to  assume  a  crystalline  form, 
such  as  bismuth,  antimony,  and  nickel,  when  exposed  to  very       ^-^ 
dilate  nitric  acid,  presented  at  the  end  of  a  few  days  distinct      \^  /-/[aic 
crystalline  forms.     Large  crystals  of  ^Iphat^of  antimony  Mr    ^^^-/*' 

Faraday  has   also    found,    admirably  illustrated  Mr  Daniell's  

mode  of  displaying  crystalline  texture.  When  such  a  crystal 
is  introduced  into  a  portion  of  fused  sulphuret,  itboginsto  melt 
down,  but  not  uniformly,  for  crystals  are  left  more  than  half  an 
inch  long  projecting  from  it.* 

The  results  of  these  experiments,  when  minutely  traced  and 
investigated,  afibrd  strong  confirmation  to  the  theory,  that  the 
spheroidical  is  the  true  form  of  the  ultimate  particles  of  crystal- 
lized bodies.     H.  1.  35,  38. 

30.  In  connexion  with  chemistry,  the  theory  of  crystalliza-  f,^°?»iiull.°^ 
tion  opens  a  new  avenue  to  the  science,  and  frequently  enables  ch"roirto^ 
us  to  ascertain  directly,  that,  which,  independent  of  such  aids, 
could  only  be  arrived  at  by  an  indirect  and  circuitous  route. 
We  frequently  rea(|  the  chemical  nature  of  substances,  in  their 
mechanical  forms.  *^o  the  mineralogist,  an  intimate  acquaint- 
ance with  crystalline  forms  and  modifications  of  natural  bodies 
is  essentially  requisite.     Indeed,  the  theory  of  crystallization 
may  be  considered  as  one  of  the  great  supports  of  that  useful 
branch  of  natural  history,  and  it  is  to  the  indefatigable  exertions 
of  Haiiy  that  much  of  its  present  perfection  is  to  be  referred. 
In  the  arts,  the  process  of  crystallization  is  turned  to  very  valu- 
able account,  in  the  separation  and  purification  of  a  variety  of 
9ubstances.t  " 


Section  II.    Heterogeneous  Attraction  or  Affinity. 

31.  We  have  hitherto  considered  attraction  as  disposing  the  SJctToTlr*" 
particles  of  bodies  to  adhere  so  as  to   form  masses  or  aggre-  »ffi°'ty- 
ptes ;  and  in  many  instances,  to  arrange  themselves  according 
to  peculiar  laws,  and  to  assume  regular  geometrical  figures. — 
We  are  now  to  regard  this  power  as  operating  upon  dissimilar 

*Jear.  of  Seienee  and  the  Arts,xi.  S03. 


tTbe  iMtramento  oaed  for  meMurin;  the  anklet  at  which  the  planet  of  crjitalt  meet,  or  incline  to 
each  other,  are  called  gonianuUra,  For  the  description  of  these  and  the  method  of  using  them,  see 
Cuib.yaL  Phikw.  VoL  II.  p.  14:  Cleareland's  Mineralof  j,  Chap.  3d.  (edit.  1833.)  Brooke's  Cr>s- 
'»n«raphy,  p.  25. 
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particles;  as  presiding  over  the  composition  of  bodies;  and  ai 

producing  tlieir  chemical    varielies.     This  is  Chemical  At 

TRACTION  or  Affinity. 

ji'Hiincui.hcii       33.  Chemicol  affinity,  like  the  cohesive  attraction,  is  eSectivi 

•i><  iuru-   only  at  insensible   distances  ;  but  it  is  distinguished  i>uin   ihi 

''°°'  latter  Torce,  in  being  exerted  between  the  panicles  or  atoms  o 

RrM.it  of  ihi.  bodies  oi different  kinds.     The  result  of  its  action  is  not  a  mer 

^"""'"'"'     aggregate,  having  The  same  properties  as  the  separate  parts,  ini 

differing  only  by  its  greater  quantity  or  mass,  but  a  new  poni 

pound,  in  which  the  properties  of  the  components  have  eilhc 

entirely  or  partly  disappeared,  and  in  which  new  qualities  ar 

also  apparent. 

33    As  a  general  exempliTicalion  of  chemical  action,  we  ma 
take  potash  and  sulphuric  acid,     Kach  of  these  bodies  in  a  sepi 
rate  stale  is  distinguished  by  peculiar  properties.     The  poias 
converts  the  blue  colour  of  vegetable  infusions*  lo  green,  the  act 
K,p.  turns  them  red.     But  if  we  gradually  add  the  potash  to  the  acii 

we  shall  obtain  a  liquid  which  will  have  neither  the  propertil 
of  the  potash  or  of  the  acid  ;  and  which  will  no  longer  chanf 
the  colour  of  the  vegetable  infusion,  and  the  taste  of  which  wi 
have  been  converted  into  a  bitter  one. 

ulT  "*'  34.   In  cases  of  this  kind  where  chemical  combination  taki 

place,  and  the  qualities  of  the  component  parts  of  a  compouc 
are  no  longer  to  he  detected  in  it ;  the  bodies  combined  ai 
said  to  neutralize  each  other. 

(.'".."sTui™-        35.  Neutralization  is  to  be  distinguished  from  saturation,  (1 

I™-  by  which  we  express  those  weaker  combinations  where  there 

no  remarkable  alteration  of  qualities,  as  in  cases  oC  sohition,- 
Waler,  for  example,  will  dissolve  successive  portions  of  cor 
mon  salt,  or  sugar,  until  at  length  it  refuses  to  take  up  mon 
or  is  saturated ;  the  solution  retaining  the  saline  or  sweet  tas 
and  some  other  qualities  of  the  salt  or  sugar.  The  ooly  phyi 
cal  quality  that  is  changed  being  that  of  cohesion. 

Thftom-  36.  In  other  cases,  the    properties  of  the    compound    diS 

i",.""  i\,'',Li   essentially    from  those  of  its  component  parts,  and  a  series 

rroptccifi.  pg(^  bodies,  possessed  of  distinct  and  peculiar  characters, 
produced. 

Eip.  1.  r"  Thus  when  two  volumes  of  nitric  oxide  gas  are  mixed  wi 
one  of  oxygen,  an  orange-coloured  gas  residls,  very  sour,  a 
soluble  in  water,  whereas,  the  gases  before  mixture  were  coloi 
leas,  tasteless  and  insoluble  in  water. 

Kip.i.  If  into  a  glass  vessel,  exhausted    of   air,  be  introduced  soi 

sulphur,  and  copper  tilings^  and  heat  applied  so  as  to  melt  t 
former,  it  will  presently  combine  with  the  latter. 

Eip,  3,  If  we  mis  a  quantity   of  iron  iilings  and  sulphur,   and  m 

them  in  a  crucible  we  obtain  a  brittle  mass  which  has  prop 
tics  different  from  those  of  either  of  its  constituent  parlsT) 

Rtwii.  Wg  observe  as  the  results  of  this  attraction  betwecn'thi 
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sobsUnceSy    1,  that  the  substances  produced  have  not  the   in- 
termediate properties  of  their  elements  but  that  they  present 
new  characters ;  2,  that  in  the  second  experiment  much  heat    • 
and  light  are  evolved   during  the  mutual   action;    3,  that  the 
substances  will  unite  in  certain  proportions  only.  

37.  In  liquids  and  gases,  similar  changes  of  properties  may  soiid  pro. 
be  exhibited,  and,  in  many  cases,  a  change  of  form  or  state  re-  ^"^^' 
suits.     Thus  the  combination  of  aeriform  bodies  produces  a 
solid.  , 

Into    a  retort  (fig.  ^,   a)    introduce  a    small   quantity    of  pi.  3.  |    ^  ' 
liquid  ammonia  (volatile  alkali,)  and  into  another  a   little  mu-    '^'.  ^ 
riatic  acid,  insert  the  beaks  of  the  retorts  into   the  extremities         I 
of    a    glass  cylinder.     The  gases   arising   from    the  muriatic         ' 
acid    and    ammonia,  'pass  into    the     cylinder   and    unite    to 
form  a  new  solid  compound,    muriate  of  ammonia  (sal    am- 
moniac.) 

If  to  a  concentrated  solution    of  muriate  of  lime,  sulphuric  Kxp. 
acid  or  a  saturated  solution  of  carbonate  of  potassa  be  gradually 
added,  a  white  solid  will  result.  ^- 

38.  In   other  cases   the  solids   are  converted  into  aeriform  Gaa«out. 
matter,  of  which  the  combustion  of  gunpowder  is  a  familiar 
instance. — Gases  form  a  liquid  ;   as  when  defiant  gas  is  mixed 
with  chlorine. 

39.  When  certain  liquids  are  presented  to  each  other  gases 
are  the  result,  as  when  to  two  parts  of  alcohol  we   add  one  Eip. 
part  of  nitric  acid,  an  effervescence  ensues,  and  aeriform  matter 

is  copiously  evolved. — Solids  also  produce  liquids ; 

Rub  together  in  a  mortar  a  few  crystals  of  Glauber's  salt  ^'^^'^' 
with  nitrate  of  ammonia,  the  two  solids  become  fluid. 

Such  operations  are  not  confined  to  art.  Nature  presents 
them  on  an  extended  scale ;  and  in  connexion  with  the  func- 
tions of  life,  renders  them  subservient  to  the  most  exalted 
purposes. 

40.  The  new  chemical  powers  that  bodies  thus  acquire  in 
consequence  of  combination,  are  often  extremely  remarkable, 
and  can  only  be  learned  by  experiment.  It  frequently  hap- 
pens that  inert  bodies  produce  inert  compounds,  and  that  active 
substances  remain  active  when  combined  ;  but  the  reverse  often 
occurs  :  thus  oxygen,  sulphur,  and  water,  in  themselves  taste- 
less and  comparatively  inert,  produce  sulphuric  acid  when 
chemically  combined;  and  potash,  which  is  a  powerful  caustic, 
when  combined  with  sulphuric  acid,  forms  a  salt  possessing 
little  activity. 

41.  The  colours  of  bodies  are  altered  by   chemical   action,  other  chan- 
Into  a  weak  solution  of  nitrate   of  copper,  drop  liquid  am- ^*"  ^j^^^at 

monia,  a  rich  blue  colour  will  be   produced.     Add   gradually,  ^^»<>»- 
on  the  end  of  a  glass  rod,  a  little  sulphuric  acid,  the  liquid  will 
become  colourless. 

To  an  infusion  of  purple  cabbage  add  a  few  drops  of  an  acid,  Exp 
the  colour  will    be  changed  to  red. — The  addition  of  liquid 
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ammonia,  In  qiiatitity  just  suSJcient  lo  neutralize  the  acid,  will 
resUire  llie  original  colour. 

The  addition  of  ammonia  alone,  produces  a  green  colour. 

Into  a  small  jar  ofchlorinfc  gas,  confined  by  water,  introduce 
a  piece  of  litmus  paper,  the  colour  will  be  wholly  destroyed. 

When  sulphate  of  copper  (blue  vitriol),  and  acetate  of  lead 
(sugar  of  lead)  are  rubbed  together  in  a  mortar;  the  new  com- 
pound has  a  green  colour. 

42.  The  specific  gravity  and  the  temperature  of  bodies  ira 
altered  by  chemical  action. 

When  equal  parts  of  sulphuric  acid  and  vi-ater  are  mixed, 
the  resulting  liquid  has  a  specific  gravity  much  above  the  mean ; 
the  temperature  is  also  so  much  increased  that  if  the  mixture 
be  made  in  a  phial  about  which  tow  is  wrapped  containing  a 
small  piece  of  phosphorus,  the  phosphorus  will  be  inflamed. 

43.  Ignition  is  a  frequent  attendant  upon  chemical  action,  (36.) 
Mix,  cautiously,  a  small  quantity  of  sugar  with  about  half  its 

weight  of  the  salt  called  chlorate  of  potash  ;  drop  upon  the  mix- 
lure,  from  the  extremity  of  a  glass  rod,  a  little  sulphuric  acid, 
it  will  be  inflamed. 

44.  As  chemical  action  takes  place  among  the  ultimate  or 
constituent  elements  of  bodies,  it  must  obviously  be  opposed 
by  the  cohesion  of  their  particles,  and  chemical  attraction  is 
often  prevented  by  mechanical  aggregation. 

Introduce  a  piece  of  the  metal  antimony  into  ajar  of  chlorine 
gas,  it  will  be  only  slowly  and  superficially  acted  upon  ;  but  If 
the  mechanical  aggregation  be  previously  diminished,  by  re- 
ducing the  metal  to  powder,  it  in  that  stale  rapidly  unites  with 
the  gas,  and  burns  the  instant  that  it  is  introduced. 

The  influence  of  mechanical  divlsloti  In  promoting  the  ac- 
tion of  chemical  aflinity  and  In  favouring  solution  will  be 
obvious,  if  into  a  vessel  containing  dilute  muriatic  acid  we  drop 
a  lump  of  marble  ;  and  Into  another  vessel  containing  the  same 
acid  we  pour  an  equal  weight  of  marble  reduced  to  powder. 

45.  The  chemical  energies  of  bodies,  are  increased  by  heat 
To  four  ounce-measures  of  water,  at  the  temperature  of  the 

atmosphere,  add  three  ounces  of  sulphate  of  soda  in  powder, 
only  part  of  the  salt  will  be  dissolved,  even  after  being  agitated 
some  time.    Apply  heal,  and  the  whole  of  the  salt  will  disappear. 

To  this  law,  however,  there  are  several  exceptions ;  foi 
many  salts  are  equally,  or  nearly  equally,  soluble  in  cold  as  ic 
hot  water  ;  as  will  be  seen  hereafter. 

The  effects  of  heat  are  sometimes  only  referable  to  the  diml 
nution  of  adhesion  by  expansion,  or  liquefaction  ;  but  in  othei 
eases  they  are  peculiar  and  complicated  and  probably  conceroeci 
in  modifying  the  electrical  energies  of  the  acting  substances. 

46.  Mechanical  agitation,  also  favours  the  chemical  action  o 
bodies. 

Into  a  wine  glass  full  of  water,  tinged  blue  with  the  infusioi 
of  litmus  let  fall  a  small  lump  of  solid  tartaric  acid.    The  add,  J 
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^^pt  rest,  even  during  some  hours,  will  only  change  to  red 
^■porlion  of  the  infusion,  which  is  in  immediate  contact  with 
V    Stir  the  liquid,  and  the  whole  will  immediately  become  red. 

47.  An  important  law  of  affinity  which  is  the  basis  of  almost 
ftll  chemical  theory,  is  that  one  body  has  not  the  same  force  of 
affinity  towards  a  number  of  others,  but  attracts  them  unequally  ; 
or  different  bodies  are  possessed  of  different  attractive  powers, 
and  if  several  he  brought  together,  those  which  have  the 
strongest  mutual  affinities  enter  first  into  union. 

Thus,  if  nitric  acid  be  poured  upon  a  mixture  of  lime  and  e 
magnesia,  it  dissolves  the  former  in  preference  to  the    latter 
esrih. 

AS.  Some   bodies  have  no  affinity   for  each  other.     Oil   and  »• 
water,  or  powdered  chalk  and  water,  may  be  agitated  together,  ,[, 
but  they  will  not  combine.     On  allowing  the  vessels  containing  "' 
ihem  to  remain  at  rest,  the  oil  or  water  rises  to  the  surface,  and 
lh«  mercury,  or  ciialk  falls  to  the  bottom. 

49.  The  intervention  of  a  third  body  will  sometimes  promote  J^ 
the  union  of  two  other  bodies  which  have  no  affinity  for  each  '■<' 
other.     Thus    oil   and   water  unite   immediately  on  adding  an  e 
alkali,  as  caustic  potash.     The  alkali  acting  as  an  intermedium. 
The  fact  indeed,  adinils  of  being  explained  by  the  supposition, 
that  the  oil  and  alkali  form,  in  the  1st  instance  a  compound 
which  is  soluble  in  water.     (H.) 

50.  ll  very    frequently    happens,  on  the  contrary,   that  the  « 
tendency  of  two  bodies  to    unite,  or  remain    in   combination 
together,  is  weakened  or  destroyed  by   the  addition  of  a  third. 
Thus  alcohol  unites  with  water  in  such  a  manner  as  to  separate 
moat  salts  from  it. 

A  striking  instance  of  ibis  is  seen  in  a  saturated  or  strong  e 
solulioo  of  nitre  in  water.     If  to  this  there  be  added   an  equal 
measure  of  alcohol,  the  greater  part  of  the  nitre  instantly  falls 
down.     (U.  1S7.) 

51.  The  affinity  existing  between  any  two  bodies,  is  inferred  » 
from  their  entering  into  chemical  combination  and  that  this  has  '° 
happened,  a  change  of  properties  may  be  considered  as  a  suffi- 
cient proof,  even  though  the  change  may  not  be  very  obvious 
and  may  require  accurate  examination  to  be  perceived  at  all. — 
U.  1.  41.) 

58,  The  knowledge  of  the  affinities  which  bodies   have  for  si 
each  other,  enables  us    to    separate  them    when    united,  or  to  '^, 
perform  Ihe  process  of  decomposition.     Thus  if  into  a  solution  g_ 
of  nitrate  of  silver  (lunar  caustic)  we  place  a  piece  of  polished 
copper,    it  will  soon   be  covered   with   metallic  silver  and  the 
solution  will  have  been  decomposed,  and  the  silver  precipitated. 

53.  From  a  great  number  of  facts  of  this  nature,  it  is  clearly 
licerlained,  not  as  a  probable  hypothesis,  but  as  a  simple  matter 
of  fact,  that  some  bodins  have  a  stronger  tendency  to  unite  than 
others;  and  ihat  the  union  of  any  substance  with  another  will 
cictude,  or  separate,  a  third  substance  which  might  have  been 
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previously  united  with  one  of  them  ;  excepting  in  those 
wherein  the  new  compound  has  a  tendency  to  unite  with 
third  substance,  and  form  a  triple  compound.  This  prcfei 
of  uniting,  which  a  given  substance  is  found  to  exhibit 
regard  lo  other  bodies,  has  been  called  elective  aLtractii 
(U.   187.) 

54.  Upon  this  principle,  tables  of  attraction  have  been 
structed,  the  substance  whose  affinities  arc  to  be  represi 
being  placed  at  the  head  of  a  column,  and  the  bodies 
which  it  combines  beneath  it,  in  the  order  of  their  respe 
attractions  (see  Brande's  History  of  Chemistry,  p.  7S  ;) 
the  affinity  of  sulphuric  acid  for  several  substances  (or  b 
would  be  shown  as  follows : 


SuLFHUBic  Acid. 
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From  this  table  it  would  appear  that  baryta  separates 
phuric  acid  from  its  compounds  with  all  the  inferior  subsla 
and  that  ammonia  is  separated  by  all  that  are  above  it ;  ' 
are,  however,  many  circumstances  which  interfere  will 
usefulness  and  accuracy  of  such  tables,  and  in  some  cases 
are  anomalies  in  the  mutual  agencies  of  bodies  which  w 
subvert  the  usual  order  of  arrangement.  One  of  Ihesi 
been  pointed  out  by  Mr  R.  Phillips, — {Quarterly  Jou 
'  Vol.  i.  p.  80.)  He  found  that  on  boiling  carbonate  of  b 
in  a  solution  of  sulphate  ofpotassa,  sulphate  of  baryta  am 
bonale  of  potassa  were  formed  ;  and  he  also  found  that,  o 
versing  the  experiment,  by  boiling  sulphate  of  baryta  in 
lion  of  carbonate  ofpotassa,  carbonate  of  baryta  and  sul 
of  potassa  were  produced. 
'"'•'"■  55.  Simple  decomposition  may  be  expressed  also  by  an 
form,  contrived  by  Bergman.  Thus,  the  following  sc 
illustrates  the  decomposition  of  muriate  of  magnesia  by  potl 


Mil 

flle 

of  PotB^h. 

acid. 

I'olosh 

\ 

\V 

ter  at  60°. 

t      Magn 

»a. 

L 


.  The  original  compound  (muriate  of  magnesia)  is  placi 
the  outside  and  to  the  left  of  the  vertical  bracket.  Tl; 
eluded  space  contains  the  original  principles  of  the  compi 
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Im  the  body  which  is  added  to  produce  de 
e  »od  below  the  horizontal  line  are  placed 
■thrir  sclion.  The  point  of  the  lower  horlzontj 
i  downwards,  denotes  that  the  magnesia  fail! 
(cipltated:  and  the  upppr  line,  being  perfec 
r»,  that  the  muriate  of  potash  remains  in  soluti 
ulic$  bad  remained  in  solution,  they  wouU 
o  placed  above  the  upper  line  ;  or,  if  boih  had  I 
t,  beneath  the  lower  one.  If  either  one  or  both  [ 
a  vnlntile  form,  this  would  have  been  expresse 
It  volatilized   substance  above  the  diagram,   and 

;  middle  of  the  upper  horizontal  line,      bui 
XDposilions  vary  under  diffprent  circumstances,  it  is  t.^^^     i 
b  denote,  by  the  proper  addition  to  the  scheme,  that  the  boa 
■  irtdissolied  in  water  of  the  temperature  of  60°.     H.  1.54. 
SS.  Uecomposilion  is  eBecled  under  a  variety  of  circuQ 
«sand  by  many  methods;  but  it  is  commonly    dcscr'  f 

Ithemists  as  Simple  and  Complex,  or  Single  and  Don 
51.  In  cases  of  simple  attraction  or  affinity,  one  body  t 
I  looiher  from  its  combination  with  a  third.     Thus  whei 
I  ii  added  to  a  solution  of  sulphate  of  zinc  (composed  o** 
oside   of  zinc,)  the   oxide    of  zinc  is  sep 
idlphate  ofpotassa  Is  produced. 

58.  Id  cases  of  double  decomposition, twonew  compou  ;  o«<i 
produced  ;   as  when  a  solution  of  nitrate  of  baryta,  is  nj        I 
«r'lh  a  solution  of  sulphate  of  soda,  the  results  are  a  precipiiaie 

of  sulphate  of  baryta,  and  a  solution  of  nitrate  of  soda. 

In  a  watery  solution  of  sulphate  of  zinc  (while  vitriol)  im- 
merse a  thin  sheet  of  lead  ;  the  lead  will  remain  unaltered,  as  ^ 
ilso  will  the  sulphate  of  zinc,  because  zinc  attracts  sulphuric 
icid  mare  strongly  than  lead.  But  let  a  solution  of  acetate  of 
Iwd  fae  mixed  with  one  of  sulphate  of  zinc  ;  the  lead  will  then 
go  over  to  the  sulphuric  acid,  while  the  zinc  passes  to  the  acetic. 
The  sulphate  of  lead  bcin^  insoluble,  will  fall  down  in  the  state 
Ufa  white  powder  ;  but  the  acetate  of  zinc  will  remain  in  solu- 
tion.    (H.) 

59.  These  cases  of  double  decomposition  are  sometimes 
Ktnvenicnlly  illustrated  by  diagrams,  which  may  cither  be 
instructed  so  as  merely  to  show  the  result  of  the  change,  or 
where  required  they  may  also  exhibit  the  composition  of  the 
Kting  bodies.  In  the  case  just  alluded  to  (58)  the  substances 
Wore  mixture  are  shown  by  parallel  lines,  and  after  mixture 
h  diagonal  lines. 

Kilric  Acid.  Garjta. 
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Or  a  more  complete  view  of  the  change  is  given  in  the  follow- 
ing diagram,  where  the  bodies  before  mixture  are  placed  upon 
the  outside  of  the  perpendicular  lines;  their  component  parU 
are  shown  within  Ihem  ;  and  the  new  results  on  the  outside  of 
the  horizontal  lines. 
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o'  OO.  It  is  obvious,  from  the  uniform  results  of  chemical  action 
■  that  affinity  must  be  governed  by  certain  definite  laws,  by  which 
its  results  are  determined,  and  upon  which  its  uniformity  de- 
pends. Attention  was  first  called  to  this  subject  by  MrHiggins 
in  1789, — {Compara/ive  View  of  Ifte  Phlogistic  and  Jintl- 
phlogistic  Theories.)  He  conceived  that  chemical  attraction 
only  prevailed  between  the  ultimate  particles  ofsimple  elementa- 
ry matter,  and  betweeA  compound  atoms  ;  and,  in  applying  thij 
idea  to  chemical  theory,  he  expressed  by  numbers  the  relative 
forces  of  allraction  subsisting  between  the  different  kinds  of 
ultimate  particles  and  atoms  of  mailer. 
J.  61.  These  views  were  subsequently  extended  and  improved  by 
■'  Mr  Dalton,  and  have  since  engaged  the  attention  of  some  of 
the  most  eminent  chemical  philosophers;  among  whom  we 
may  enumerate  Gay-Lussac,  Berzelius,  Bavy,  Wollaston, 
Thomson  and  Brande. 

62.  In  the  chemical  combination  of  bodies  with  each  olhet 
we  remark. 

1st.  Some  bodies  unite  in  all  proportions;  for  example,  watei 
and  sulphuric  acid,  or  water  and  alcohol. 

2dly.  Other  bodies  combine  in  all  proportions,  as  far  as  i 
certain  point,  beyond  which,  combination  no  longer  takes  place 
Thus  water  will  take  up  successive  portions  of  common  salt 
until  at  length  it  becomes  incapableof  dissolving  any  more.  Ii 
esses  of  this  sort,  ns  well  as  in  those  included  under  the  firs 
head,  combination  is  weak  and  easily  destroyed,  and  the  quali 
ties  which  belonged  to  the  components  in  their  separate  stati 
continue  to  be  apparent  in  the  compound. 

3dly.  There  are  many  examples  in  which  bodies  unite  it 
one  proportion  only  ;  and  in  all  such  cases  the  proporlioD  o 
the  elements  of  a  compound  must  be  uniform  for  the  specina.^ 
Thus  hydrogen  and  oxygen  unite  in  no  other  proportions  thai 
those  constituting  water.  In  cases  of  this  sort  the  romhinalioi 
is  generally  energetic  ;  and  the  characteristic  qualities  of  th 
Gompotients  are  no  longer  observable  In  the  compound. 


4  IBM  aenoiiAg  me  smaiiesi  proporiion.  la  oitier  words, 
Bmalleat  proporiion  in  which  B  combines  with  A,  be 
i  hy  10,  A  may  combine  with  twice  10  of  B,  or  with 
imcs  10,  and  so  on  ;  but  with  no  intermediate  quantities. 

csanot  be  a  more  striking  instance  of  this  law  than  that 
^lentioned,  of  the  compounds  of  manganese  with  oxygen; 
sb  the  oxygen  of  llie  three  last  compounds  may  be  observ- 
>e  a  mulliplicalion  of  that  of  the  first  (14)  by  the  Dumbers,     I 
ud4.  -^ 

lets  of  this  kind,  Mr  Dalton  his  founded  what  may  be  term- 
.^lomic  Theory  of  the  chemical  constitution  of  Bodies,  ^ry'"""  " 
Though  we  appear  when  we  effect  the  chemical  union 
ea,  to  operate  on  masses,  yet  it  is  consistent  with  the 
alional  view  of  the  constitution  of  bodies  to  believe,  that 
nly  between  their  ultimate  particles,  or  atoms,  that 
■atton  takes  place.  By  the  lerm  atoms,  it  has  been 
'  stated,  we  are  to  understand  the  smallest  parts  of  which 
are  compoecd.  An  atom  therefore,  must  be  mechanically 
ibie,  and  of  course  a  fraction  of  an  atom  cannot  exist. — 
erihe  atoms  of  different  bodies  be  of  the  same  size,  or  of 
it  sizes,  we  have  no  sufficient  evidence. 
Taking  for  granted  that  combination  takes  place  between 
ims  of  bodies  only,  Mr.  Dalton  has  deduced,  from  the 
i  weights  in  which  bodies  unite,  the  relative  weights  of 
llimate  particles  or  atoms.  When  only  one  combination 
two  elementary  bodies  exists,  he  assumes,  unless  the  con- 
*a  be  proved,  that  its  elements  are  united  atom  to  atom 
Combinations  of  this  sort   he  calls  binary.     But   if 

compounds  can  be  obtained  from  the  same  elements,  they 
b  be  auppoBGS,  in  proportions  expressed  by  some  simple 
'  Ihe  nomber  of  atoms.  The  following  table  exhibits 
B  combinations  : 
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Li* 


Relmtire 
weights  of 
atouMi  bow 
a«c«rulaed. 


The  compound  atoms  he  divides  again  into  three  different 
species,  namely  1st,  atoms  formed  of  only  two  elementary  sub* 
stances  united,  or  compound  atoms  of  the  first  order  :  2dly. 
atoms  composed  of  more  than  two  elementary  substances  ;  and 
these,  as  they  are  only  found  in  organic  bodies,  or  bodies  ob 
tained  by  the  destruction  of  organic  matter,  he  calls  organii 
atoms  :  3dly,  atoms  formed  by  the  union  of  two  or  more  com- 
pound atoms  ;  as  for  example,  the  salts.  These  he  calh 
compound  atoms  of  the  second  order.    H.  1.  44. 

67.  In  adopting  the  atomic  theory,  it  is  important  to  ascertaic 
the  relative  weights  of  the  atoms  of  bodies. 

As  an  illustration  of  the  mode  in  which  this  is  effected,  lei 
us  suppose  that  any  two  elementary  substances,  A  and  B,  forni 
a  binary  compound  ;  and  that  they  have  been  proved  experi- 
mentally to  unite  in  the  proportion,  by  weight,  of  5  of  the 
former  to  4  of  the  latter;  then,  since,  according  to  the  hypo- 
thesis, they  unite  particle  to  particle,  those  numbers  will  expresi 
the  relative  weights  of  their  atoms.  But,  besides  combining 
atom  to  atom  singly,  1  atom  of  A  may  combine  with  2  of  Bj 
or  with  3,  4,  &c.  Or  1  atom  of  B  may  unite  with  2  of  A,  oc 
with  3,  4,  &c.  When  such  a  series  of  compounds  exists,  the 
relative  proportion  of  their  elements  ought  necessarily,  on 
analysis,  to  be  proved  to  be  5  of  A  to  4  of  B  ;  or  5  to  (4+4^=) 
8  ;  or  5  to  (4+444=)  12,  &c. ;  or,  contrariwise,  4  of  B  to  5  oi 
A ;  4  to  {S+S^)  10  ;  or  4  to  {5+S+S^)  15.  Between  these 
there  ought  to  be  no  intermediate  compounds ;  and  the  exis- 
tence of  any  such  (as  5  of  A  to  6  of  B,  or  4  of  B  to  7^  of  A) 
would,  if  clearly  established,  militate  against  the  hypothesis. 

68.  To  verify  these  numbers,  it  may  be  proper  to  examine 
the  combinations  of  A  and  B  with  some  third  substance,  for 
example,  with  C.  Let  us  suppose  that  A  and  G  form  a  binary 
compound,  in  which  analysis  discovers  5  parts  of  A  and  3  of  C. 
Then,  if  G  and  B  are,  also,  capable  of  forming  a  binary  com- 
pound, the  relative  proportion  of  its  elements  ought  to  be  4  of 
B  to  3  of  C  ;  for  these  numbers  denote  the  relative  weights  of 
their  atoms*  By  extending  the  comparison  to  a  variety  of 
bodies,  a  scale  of  the  relative  weights  of  their  atoms  nuy  be 
obtained. 

In  several  instances,  additional  evidence  is  acquired  of  the  ac- 
curacy of  the  weight,  assigned  to  an  element  by  our  obtaining 
the  same  number  from  the  investigation  of  several  of  iU  com* 
pounds.     H.  1.  47. 

69.  The  law,  that  when  bodies  unite  so  as  to  form  one  com- 
pound only,  that  compound  always  contains  the  same  relative 
proportions  of  its  components  ;  and  where  two  bodies  unite  in 
more  than  one  proportion,  the  second,  third,  ^c,  proportions 
are  multiples  or  divisors  of  the  first  is  well  exhibited  in  the 
combinations  of  gaseous  bodies.     These  are  seen  to  unite  ia 

Definite  Pi».  simplo  ratios  of  volume.     Water  is  composed  of  hydrogen  and 
oxygen,  and  1  part  by  weight  of  the  former  gas,  unites  to  8  of 


Verified. 


poctioof. 
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Tlij  latter.  The  specific  gravity  of  hydrogen  compared  with 
I  Hal  of  oxygen,  is  as  1  to  1<5 ;  it  is  obvious,  therefore,  that  one 
nlume  of  hydrogen  unites  to  half  a  volume  of  oxygen,  and 
tilt  the  composition  of  water  will  be  represented  by  weight 
tai  volume  thus. 


> 


Muriatic  acid  gas  consists  of  1  part  by  weight  of  hydrogen 
•■lad  36.0  by  weight  of  chlorine.     The  relative  specific  gravities 

I  of  these  gases  are  as  I  to  36.0.  It  is  obvious,  therefore,  that 
^ey  combine  in  equal  volumes,  and  that  muriatic  acid  gps  may 
■  thus  represented : 
^  Carbonic  acid  unites  to  potassa  in  two  proportions,  and  forms 
wo  definite  compounds.  In  the  one,  70  parts  of  potassa  are 
ccmbined  with  30  of  carbonic  acid  ;  in  the  other,  70  of  potassa 
*re  united  to  60  of  carbonic  acid. 

70.  Chemists  have  found  it  convenient  to  refer  the  atomic  w,;ji, 
weight  of  different  bodies  to  some  standard,  which  is  assumed  ^yj^ 
as  the  weight  of  an  atom  of  some  well  known  substance.  Two  "oit. 
bodies  have  been  selected  for  this  purpose,  viz.  oxygen  and 
hyflrogeo.  These  bodies,  as  has  been  observed  (65),  unite  to 
form  water  in  the  proportions  of  S  to  1  ;  If  we  suppose  there- 
fore that  this  compound  is  formed  by  the  combination  of  1 
ttoin  of  each  element  and  if  we  represent  the  weight  of  the 
■lOED  of  oxygen  by  1,  we  shall  have  for  the  weight  of  the  atom 
of  hydrogen  {  or  ,125.  If  on  the  contrary  we  represent  the 
weight  of  the  atom  of  hydrogen  by  1,  that  of  oxygen  must  be  8. 
Some  chemists,  hovvever,  have  supposed  water  to  be  formed 
of  2  atoms  of  hydrogen,  united  lo  one  of  oxygen,  because  there 
are  two  volumes  of  the  former  and  one  of  the  latter,  and  they 
consider  the  volumes  of  these  gaseous  bodies  as  representing 
atoms.  In  this  case  oxygen  will  be  represented  by  I,  and  hy- 
ilrogen  by  ^V  or  ,0625 ;  or  if  we  represent  hydrogen  by  1 ,  oxy- 
gen will  be  16,  Drs  Thomson  and  Wollaston  and  Professor 
Berzelius  have  assumed  oxygen  as  the  unit,  while  Sir  H.  Davy, 
Dalloo,  Henry,  Brande  and  others  have  assumed  hydrogen  as 
Ibe  Dnil,  and  have  refered  the  weights  of  the  atoms  of  other 

bodie*  to  this  as  the  standard. 

71.  All  cases  of  chemical  combination,  in  which  the  qualities 
the  component  parts  are  no  longer  to  be  delected  in  the  com- 
lund,  or  in  which  a  neutral  body  is  produced,  are  obedient  to 
laws  of  union :  But  in  some  instances  bodies  may  be 
kid  lo  unite  in  all  proportions,  as  water  and  alcohol,  ^-e.     Other 
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bodies  combine  in  all  proportions,  up  to  a  certain  point  only, 
anti  beyond  that,  combination  no  longer  ensues.  Thus  water 
will  take  up  successive  portions  of  common  salt,  until  at  length 
it  refuses  to  take  up  more,  or  \i  saturated ;  and  this  always 
occurs  when  the  water  has  dissolved  a  definite  weight  of  the  salt. 

12.  It  has  been  remarked  (34}  that  when  bodies  mutually 
di5|;uise  each  others  properties,  they  are  said  to  neutralize  each 
other  :  an  effect  especially  exemplified  in  the  union  of  acids  and 
alkalis.     The  resulting  compound  being  termed  a  neutral  salt. 

Now  when  we  have  ascertained  the  proportion  in  which  any 
two  or  more  bodies  of  one  class,  rr,  b,  c  neutralize  another  body 
a:  of  a  different  class,  it  will  be  found  that  the  same  relative  pro- 
portion of  a,  b,  c,  will  be  required  to  neutralize  any  other  body 
of  the  same  class  as  x.  Thus  since  100  parts  of  sulphuric  acid, 
and  66  (omitting  fractions)  of  muriatic  acid,  neutralize  IIS  of 
potash,  and  since  100  of  sulphuric  neutralize  71  of  lime,  we 
may  infer  that  68  of  muriatic  acid  will  also  neutralize  71  of  lime. 

73.  If  the  quantities  of  two  bodies  A  and  B,  that  are  neces- 
sary to  saturate  a  given  weight  of  a  third  body,  be  represented 
by  q  and  r,  these  quantities  may  be  called  equivalents.  Thus 
in  the  above  example  100  parts  of  sulphuric  acid  and  G8 
of  muriatic  acid,  are  eyuiVa/cH^*  of  each  other.  A  column  of 
equivalent  numbers  of  great  use  in  chemical  calculations,  will 
be  found  in  the  tables  intended  to  accompany  this  work.  By 
adapting  a  table  of  this  sort  to  a  moveable  scale,  on  the  principle 
of  Gunter's  sliding  rule,  Dr  Wollaston  has  constructed  a  logo- 
Tnetric  scale  of  chemical  e^uivalerils,  which  is  capable  of 
solving  with  great  facility  many  problems  of  chemistry. — P/iil. 
Trans.  1S24.' 

74.  The  proof,  which  establishes  the  nature  of  chemical 
,.  compounds,  is  of  tv/o  kinds,  st/nthesis and  analysis.  Synthesis 
'  consists  in  effecting  the  chemical  union  of  two  or  more  bodies  ; 

and  analysis,  in  separating  them  from  each  other,  and  exhibiting 
them  in  a  separate  state.  The  composition  of  sulphate  of  cop- 
per (blue  vitriol)  is  syntkelically  demonstrated  by  uniting 
sulphuric  acid  to  oxide  of  copper.  When  we  have  a  compound 
of  two  or  more  ingredients,  which  are  themselves  compounded 
also,  the  separation  of  the  compounds  from  each  other  may  be 
called  the  proximate  analysis  of  the  body ;  and  the  farther 
separation  of  these  compounds  into  their  most  simple  principles, 
its  ultimate  analysis. 

Thus  the  sulphuric  acid  of  the  sulphate  of  copper  consists  of 
sulphur  and  oxygen,  and  oxide  of  copper  consists  of  copper  and 
oxygen  ;  conEcquenlly  we  should  say  that  the  ullimute  com- 
ponent parts  of  blue  vitriol  are  copper,  sulphur,  and  oxygen. 

The  proximate  analysis  of  sulphate  of  potash  consists  in 
resolving  it  into  potash  and  sulphuric  acid  ;  and  its  ultimate 
analysis  is  effected  by  decomposing  the  potash  into  potassium 
and  oxygen,  and  the  sulphuric  acid  into  oxygen  and  sulpbur.  _^ 
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When  the  analysis  of  any  subslance  has  been  carried  as  far 
K  possible,  we  arrive  at  iU  most  tilmple  prificiples,  or  elements  ; 
fby  which  expression  we  are  to  understand,  not  a  body  that  is 
ineapaiile  of  further  decomposition,  but  only  one  which  has 
not  yet  been  decomposed.  The  progress  of  chemical  science, 
for  sereral  centuries  past,  has  consisted  in  carrying  still  farther 
the  analysis  of  bodies,  and  in  proving  those  to  be  compounded, 
which  had  before  been  considered  as  elementary.     H.  1. 


Ait 


Section  III.     Ileal. 

No  sensations  are  more   familiar  to  us   than   those   of^, 
eat  and   cold.     They  are  excited  by  bodies  applied   to  our  ^; 
gans,  and    at    different   times  very  diSerent  degrees  of  scnsa- 
)Q  are  excited.     The   same  body  is    capable   at  one  time,  of 
icasioning  the  feeling  of  intense  cold  ;   in  a  short  time  it  may 
invey  an  agreeable  warmth,  and  by  another  change  of  circnm- 
iRces,  it  may  induce  extreme  heat.      Prom  this  it  is  evident 
lat  the  power  of  inducing   these   sensations  docs  not  depend 
the  matter  itself,  which  is  applied  to  our  organs ;  for  every 
.ade  of  sensation  is  produced,  without  the   qualities   of  that 
natter  being  permanently  changed  ;  it  is   considered  therefore 
depending  on   the  operation   of  a  certain  power  or  subtle 
priacipie,  present  in  bodies,  and  which,  according  to  its  quantity, 
;ives  rise  to  the  power  of  exciting  different  sensations. 

If  a  piece  of  iron  be  made  red  hot,  we  conceive  that  a  quan-  p 
ity  of  what  we  call  heui,  that  is,  of  a  certain  subtle  power,  has  p" 
otered  into  it,  and  that  the  property  the  iron  in  this  slate  has,  *" 
)f  aSecting  the  organs  of  animals  in  a  peculiar  manner,  depends 
n  the  presence  of  this  power.     When  the  iron  is  left  to  cool, 
re  suppose  that  it  parts  with  its  excess  of  heat. 

76.  This  principle, or  power,  has  been  distinguished  by  vari-  ^ 
as  appellations,    as    Fire,    Heat,   the    matter  of  Heat,  or  the  •■ 
^neoua  fluid ;  terms   which  are  either   ambiguous,   or   which  " 
ivolve  some  hypothesis,  and  which  are  superseded  by  the  un- 
iceptionable  appellation  of  Caloric.     At.  1.  18.'}. 

77.  Or  we  may  define  caloric  as  the  agent  to  which  the  phe-  i*' 
omeoa  of  heat  and  combustion  are  ascribed.     U.  23. 

78.  Caloric,  so  far  as  its  chemical  agencies  are  concerned,  may  „ 
e  chiefly  considered  under  two  views — as  an  antagonist  to  the  j|| 
ohesive   attraction   of  bodies — and    as  concurring   with,    and 
icreasing  elasticity.     By  removing  the  particles  of  any  solid 

lo  a  greater  distance,  from  each  other,  their  cohesive  attraction 
is  diminished;  and  one   of  the  principal  impediments  to  their 
union   with  other  bodies   is  overcome.     On   the  other  hand, 
caloric  maybe  infused  into  bodies  in  such  quantity,  as  not  only    ' 
cohesion,  but  to  place  their  particles  beyond   the 


sphere  of  chemical  affinity.  Thus,  in  Uie  class  of  subsUnoe 
called  ^39cs,  ihe  ponderable  ingredient,  whetlier  solid  or  Itquidj 
J9  dissolved  in  so  much  caloric,  that,  in  mechanical  propertiflT 
the  gases  agree  with  the  air  of  our  atmosphere,  especially  i 
being  permanently  elastic.  DilTerent  bodies  of  this  class  do  D 
in  general,  unite  by  simple  mixture.  But  if,  of  two  gases,  < 
employ  either  one  or  both  in  a  stale  of  great  condeosalion,  i 
compress  iheir  particles  nearer  to  each  other  by  any  means,  tt 
gravitating  matter  of  both  unites,  and  forms  a  netv  compound 
Thus  hydrogen  and  oxygen  gases  remain  together  in  a  stale  fi 
mixture  for  any  len^lh  of  time,  without  combining;  but  if  we 
force  their  panicles  into  a  state  of  contiguity,  by  sudden  and 
violent  mechanical  pressure,  they  unite  and  compose  water.  In 
many  cases,  also,  when  two  bodies  are  combined  logelher,  one 
of  which  is  fixed,  and  the  other  becomes  elastic  by  union  with 
caloric,  we  are  able,  by  ila  interposition  alone,  to  effect  their 
disunion.  Thus  carbonate  of  Ume  gives  up  ila  carbonic  acid  by 
the  mere  application  of  heat. 

We  may  consider,  then,  all  bodies  in  nature  as  subject  to  the 

wd^t^'ioHu-  action  of  two   opposite  foiees,   the    mutual  attraction  of  their 

uHid  bf  c^  particles  on  the  one  hand,  and  the  repulsive  power  of  caloric 
on  the  other  ;  and  bodies  exist  in  the  solid,  liquid,  or  elastic 
state,  as  one  or  the  other  of  these  forces  prevails.  Water,  by 
losing  caloric,  has  its  cohesion  so  much  increased,  that  it  assume.5 
the  solid  form  of  ice;  adding  caloric,  we  diminish  again  its 
cohesion,  and  render  it  fluid;  and,  finally,  by  a  still  farther 
addition  of  caloric,  we  change  it  into  vapour,  and  give  it  so 
much  elasticity,  that  it  may  be  rendered  capable  of  bursting 
the  strongest  vessels.  In  many  liquids,  the  tendency  to  elas- 
ticity is  even  so  great,  that  they  pass  to  the  gaseous  form  by 
the  mere  removal  of  the  weight  of  the  atmosphere.     H.  1.  80. 

li«r>r,d>  79.  Expansion  is  the  most  obvious  and  familiar  effect  of  heat ; 

***'"■  and  it  lakes  place  Ihough  In  different  degrees,  in  all  Ibrms  of 

matter. — When  a  body  which  occasions  the  sensation  of  heat 
on  our  organs,  is  brought  into  contact  with  another  body  which 
has  no  such  effect,  the  result  of  their  mutual  action  is  that  the 
hot  body  contracts,  and  loses  to  a  certain  extent  its  power  of 
communicating  heat,  and  the  other  body  expands,  and  in  a 
degree  acquires  this  power.     D.  I.  70. 

The  expansion  of  solids  may  be  made  apparent  by  heating  a 
rod  of  iron,  of  such  a  length  as  to  be  included,  when  cold, 
between  two  points,  and  the  diameter  of  which  is  such,  as 
barely  to  allow  it  to  drop  through  an  iron  ring.  When  heated, 
it  will  have  become  sensibly  longer ;  and  it  will  be  found  inca- 
pable of  passing  through  the  ring. 
I'-  80,  This  property  of  metals  has  been  applied  to  the  con- 
'^  struction  of  an  instrument  for  measuring  temperature,  called  a 
p^romeier. 

An  instrument  of  this  kind  is  represented  by  fig.  25,  which 
^  will  be  found  very  convenient  for  showing  the  expansibilities  of 


% 


ion  of  a  lamp.     The  small  expansion  of  the  metallic  bar  is 
fied  by  the  first  lever  in  the  proportion  of  the   distances  * 

point  of  pressure  from  its  plane,  and  from  its  other  ex- 
y;  and  this  magnified  efiect  is  a&;ain  magnified  by  the  * 

lever,  so  that  an  expansion  of  the  400th  part  of  an  inch  « 

ponds  to  a  whole  inch  on  the  scale.     This  pyrometer  is  J 

to  the  objection  that  the  distance  of  the  points  of  pressure  I 
he  fulcrum  and  extremity  of  each  lever  is  variable  during  i 
periment.    (See  Ferguson^ s  Led.)  J  ^ 

Mr  Daniell  has  availed  himself  of  the  same  property  of  Mr  Daaieu**  ^ 

lion,  in  constructing  a  pyrometer  fig.  32,  for  measuring  py^™'^'-  ] 

l^rees  of  heat.     A  bar  of  platina  is  enclosed  in  a  case  pj  ,  ^ 

c,)  made  of  the  same  ware  as  black  lead   crucibles,  and 
d  to  it  at  one  end,  while  the  other  is  left  free  to  move  an  ■ 

(b)  by  which  means  degrees  of  heat  above  ignition  admit  ;^ 

Dg  accurately  measured.* 

The  degree  of  e^tpansion  is  not  the  same  for  all  solids,  Bo6\e$w»- 
ren  differs  materially    in   substances  of  the  same  class.  •'••  dii^ot 
the  metals  expand  m  the  following  order,  the   most  ex-  panuoo. 
lie  being  placed   first;  zinc,  lead,  tin,   copper,  bismuth, 
iteel,  antimony,  palladium,  platina.       H.  1.  90. 
Solids  are  less  expansible  than  liquids,  and  gases  or  aeri- 
K>dies  more  than  liquids. 

The  expansion  of  liquids  may  be  shown  by  the  follow-  Fxpantion  of 
iperiment     Into  a  glass  vessel,  (fig.  11)  having  a  nar- p?"k'' 
^k,  introduce  some  spirits  of  wine,  and  apply  the  heat  ^'^^-  .  u 

itrmaitj  m,  U  eloaed,  the  extrenutj,  Ct  open  ;  <l,  U  a  ferule  of  brass  into  which  tha  end  of       |  « 

lead  tabe  is  accnratelj  fitted,  and  to  which  the  scale  $,/,  f ,  A,  is  attached.    The  bar  oC 

within  the  tube  a,  h,  e,  and  eitendiog  to  &,)  is  10,2  inches  long  and  0,14  of  an  inch  in  diame- 

i— Wfeably  fixed  at «,  hj  a  not  and  screw  of  the  same  metal  on  the  outside,  and  a  pin  or  \ 

■  the  inade.    It  is  likewise  confined  to  its  place  at  h,  by  a  small  perforated  plate  of  platinum  } 

hicli  it  passes.    From  its  end  &  proceeds  a  fine  platinum   wire  of  about  j^^  of  an  inch  « 

and  eoming  out  of  the  tube  at  d  passes  two  or  three  times  round  the  axis  of  the  wheel  t,  fixed 

k  of  the  scale  «,/,  g,  h.     It  is  then  bent  back  and  attached  to  the  extremity  of  a  slight  spring 

:h  is  stretched  on  the  outside  of  the  brass  ferule,  and  fixed  by  ^pin  at  n  ;  the  wire  is  thus 


of  a  lamp ;  or  immerse  the  ball  of  the  vessel  in  hot  water — the 
spirits  of  wine  will  expand  and  rise  in  the  narrow  neck. 

85.  Liquids  (lifler  also  in  their  relative  expansibilities  :  ether 
i.ii,,  is  more  expansible  than  spirit  of  wine,  and  spirit  more  than 
■reiH  "'3ter,  and  water  more  than  mercury.  Those  liquids  are  gene- 
rally most  expansible  which  boil  at  the  lowest  temperature. 

This  may  be  rendered  evident  by  partially  filliag  severtl 
glass  tubes  of  equal  diameters,  furnished  with  bulbs,  with  the 
different  liquids  and  placing  them  in  hot  water,  as  the  liquids 
expand,  they  will  rise  to  different  heights  in  the  tubes.  To 
render  this  more  apparent  the  liquids  may  be  tinged  with  some 
colouring  matter. 

SG.  The  expansion  of  aeriform  bodies  may  he  shown  by  fill- 
ing the  body  of  the  vessel  (fig.  10)  with  water  and,  keeping  the 
fjnger  over  the  orifice  of  the  neck,  inverting  it  in  a  vessel  of 
water,  the  atr  will  rise  and  occupy  the  body  of  the  vessel,  apply 
the  heat  of  a  lamp,  and  the  air  will  expand  and  cause  the  water 
to  descend  in  the  neck  of  the  vessel. 

If  a  bladder  filled  with  air,  the  neck  of  which  is  closely  tied, 
be  held  before  a  fire,  it  will  become  fully  distended,  and  may  even 
be  burst  by  continuing  and  increasing  the  heat. 

87.  In  all  pure  gaseous  bodies,  the  rate  of  expansion  for 
"■  similar  increase  of  temperature  is  similar  ;  100  measures  of  air, 
'"     when  healed  from  the   freezing  to  the  boiling  point  of  water, 

sufier  an  increase  in  bulk=37,5  parts  at  mean  pressure. 

All  bodies,  aAer  being  heated,  return  again  on  coaling  pre- 
cisely lo  their  former  dimensions. 

The  experiments  of  Gay  Lussac  have  proved  that  steam  and 
all  vapours  are  subject  to  laws  of  expansion  similar  to  those  of 
air, — hence  the  table  showing  the  clianges  of  hulk  suSered  by 
100000  parts  of  air  at  all  temperatures  between  32°  and  813° 
will  equally  apply  lo  all  gases  and  vapours.     See  Tables. 

88.  The  expansion  of  liquids  is  not  equable  for  equal  addi- 
'"['  tions  of  heat  at  different  temperatures.  Thus  the  addition  of  5° 
"im'i  **''  ''^^^  '"  alcohol  at  40°,  will  produce  a  less  relative  increase  of 

bulk  than  the  same  addition  of  heat  to  alcohol  of  150°;  and  in 
general,  the  nearer  a  liquid  approaches  its  boiling  point,  the 
greater  is  its  expansibility.  Those  liquids  therefore  appear  most 
equably  expansible  which  have  the  highest  boiling  points,  and 
hence  one  of  the  great  advantages  of  mercury,  as  will  presently 
be  seen,  in  constructing  thermometers. 

89.  As  heat  increases  the  bulk  of  all  bodies,  it  is  obvioui 
l^^^  that  change  of  temperature  is  constantly  producing  changes  in 
f«^"f  their  density  or  specific  gravity,  as  may  be  easily  demonstrated 

in  fluids  where  t^ere  is  freedom  of  motion  among  the  particles. 
If  we  apply  heat  to  the  bottom  of  a  vessel  of  water,  that  portioi 
of  the  fluid,  which  is  nearest  to  the  source  of  heat,  is  expanded 
and  becoming  specifically  lighter,  ascends,  and  is  replaced  bj 
a  colder  portion  from  above.  This,  in  its  turn,  becomes  heal 
ed  and  dilated,  and  gives  way  to  a  second  colder  portioQ ;  anc 
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flv  tlie  iNrocMt  goef  on,  as  long  as  the  fluid  is  capable  of  im- 
libiDg  lieaL  In  air,  similar  currents  are  continually  produced, 
and  tbo  nbratory  motion  observed  over  chimney  pots,  and 
dated  roob  which  have  been  heated  by  the  sun,  depends  upon 
this  emomalance :  the  warm  air  rises,  and  its  refracting  power 
being  lev  than  that  of  the  circumambient  colder  air,  the  currents 
are  randered  visible  by  the. distortion  of  objects  viewed  through 
them. 

90.  The  ventilation  of  rooms  and  buildings,  can  only  be  Yenoiatira. 
perfectly  efiected  by  suffering  the  heated  and  foul  air  to  pass  off 
timogh  apertures  in  the  ceiling,  while  fresh  air,  of  any  desired 
temperature,  is  admitted  from  below.     Various  contrivances 

have  been  resorted  to,  to  prevent  the  passage  of  cold  air  from 
above  downwards  through  the  ventilator,  which  can  only  be 
completely  effected  by  keeping  the  ventilating  tubes  at  a  higher 
tempenture  than  the  surrounding  air ;  heating  them,  for  in- 
stance, by  steam ;  passing  them  through  a  fire ;  or  placing  a 
lamp  beneath  them,  of  sufficient  dimensions  to  cause  a  strong 
current  upwards. 

91.  To  the  general  law  of  the  expansion  of  bodies  by  heat  Exee^HM  to 
and  their  contraction  by  cold,  there  are,  however,  several  ex-  f^^^Z!*!^*' 
ceptions.     Water  has  attained  its  maximum  of  density  at  40^,  <»i«^* 
and  if  it  be  cooled  below  40^  it  expands  as  the  temperature 
diminishes,  as  it  does  when  heated  above  40^;  and  the  rate  of 

this  espannbn  4a  equal  for  any  number  of  degrees  above  or  be- 
low its  maximum  of  density,  so  that  the  bulk  of  water  at  38^  and 
at  48^  will  be  the  same.  Accordingly,  if  two  thermometer 
tubes,  one  containing  spirit  of  wine,  and  the  other  water,  be  im- 
mersed into  melting  snow,  the  former  will  sink  till  it  indicates 
32^ ;  but  the  latter  when  it  has  attained  40^  begins  to  expdnd, 
and  continues  so  to  do  till  it  freezes. 

This  anomaly  in  respect  to  water  is  productive  of  very  im-  oi^"r*Tn*iiu 
portant  consequences,  in  preserving  the  depths  of  rivers  and  »"<""»»/• 
lakes  of  a  temperature  conp;enial  to  their  inhabitants. 

92.  There  are  many  liquids  which  suffer  considerable  ex-  pandsMo^in 
pansion  in  passing  into  the  solid  state.  This  is  the  case  with  [[T^^'vlh" 
the  CTcater  number  of  saline  solutions,  and  remarkably  with  *';"'7  ^^'"» 
water;  it  seems  connected  with  the  phenomena  of  crysialliza-  u. uif  boiling 
tion,  and  is  referable  to  a  new  arrangement  of  particles.     That  ^'^'° ' 

the  force  with  which  water  expands  in  the  act  of  freezing  is 
Yery  considerable^  is  shown  by  the  rupture  of  leaden  and  iron 
pipes  in  which  it  is  suffered  to  freeze.  Dr  Thomson  has  shown 
that  water  in  freezing  suffers  a  much  greater  expansion  than  when 
heated  from  the  freezing  to  the  boiling  point ;  for  the  specific 
P^vity  of  water  at  60"*  being  =  1,  that  of  ice  at  32°  is  only  0,92. 
Of  the  metals,  Reaumur  found  that  cast-iron,  bismuth,  and  anti- 
mony, were  expanded  in  becoming  solid ;  the  rest  contracted. 

93.  If  we  mix  equal  quantities  of  the  same  fluid  at  different  „^.J'„"";\p|;J 
temperatures,  the  cold  portion  will  expand  as  much  as  the  hot  *'^;/^"^"^^j^^^^" 
portion  contracts,   and  the  resulting  temperature  is  the  mean;  "a*!.*^^** 
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so  that  it  appears,  that  as  much  heat  as  is  lost  by  the  one  portion 
is  gained  by  the  other.  Upon  this  pr'mc'iph,  thermometers  are 
CO  list  meted.  A  common  thermometer  consists  of  a  tube  termi- 
nated at  one  end  by  a  bulb,  and  closed  at  the  other.  The  bulb 
and  part  of  the  tube  are  filled  with  a  proper  liquid,  generally 
mercury,  and  a  scale  is  applied,  graduated  into  e-gual  parts. 
Whenever  this  instrument  is  applied  to  bodies  of  the  same  lem- 
perature,  the  mercury,  being  similarly  expanded,  indicalus  the 
same  degree  of  heal." 
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HXAT.  87 

ifL  In  dividing  tlie  scale  of  a  thermometeri  the  two  fixed 
^irta.iiaiiaUy  resorted  to  are  the  fireezing  and  boiling  of  water, 
0th  always  takes  place  at  the  same  temperaturoi  when  under 
^^        B  atmospheric  pressure.    The  intermediate  part  of  the 
divided  into  anj  convenient  number  of  d^;rees ;  and  it 
that  all  thermometers  thus  constructed  will  indicate 
degree  of  heat  when  exposed  to  the  same  temperature. 
]■  the  centigrade  thermometer,  this  space  is  divided  into  100^; 
As  freesiog  of  water  being  marked  0^,  the  boiling  point  100^. 
la  this  eoantry  we  use  Fidirenheit's  scale,  of  which  the  0^  is 
ibeed  pt  32^  below  the  freezing  of  water,  which,  therefore,  is 
^~~^  1  S8^,  and  the  boiling  point  912^,  the  intermediate  space 
divided   into  180^.    Another  scale  is  Reaumur's;  the 
_  point  is  0^,  the  boiling  point  80^.    These  are  the  prin- 
cipal thmnometers  used  in  Europe  and  this  country.  -^ 

05.  Each  degree  of  Fahrenheit's  scale  is  equal  to  f  ths  of  a  de-  ^^  ^ 
nee  on  Reaumur's :  if,  therefore,  the  number  of  degrees  on  g«*i*''«'g|j^ 
nkrenheif  s  scale  above  or  below  the  freezing  of  water  be  mul-  '"^ 
tipBed  by  4  and  divided  by  9,  the  quotient  will  be  the  corres* 
psadini;  degree  of  Reaumur. 


FakraalMit. 

es^"— SS^'s  36x4=sI44^9a=l6'' 
212^— 32<»sl80x4s720^9=80^ 

[MiMltaf  p«iati«rw«tBr.    If  the  enpfljpartaf  tb«  tiib«  •xeM^i,  in  l«iifdi,  aboat  tlNt!'  7 

tkos  ilM  bjr  the  tipAnded  qdclndlTef.  we  maj  proe«ed  (when  an  iMtroroent  la 
1  «idl  •  acaJa  iaeluiiag  oaljr  fiom  S*^  to  913<>)  to  teal  it  hermaticalljr,  which  is  done  a*  foUowa: 
The  part  ta  h«  aeaiad,  b  int  heated  with  a  blow-pipe,  and  drawn  out  to  a  fine  capillaiy  tube :  the 
Mb  ia  dMB  heated  till  a  few  particles  of  quicksilver  hare  fallen  from  the  top  of  the  tube  :  at  this 
momtUL,  the  flame  of  another  candle  is  directed,  by  the  bIow-pip«,  on  the  capillarj  part  of  the  tube, 
tkecaadle  is  withdrawn  from  the  ball,  and  the  tube  is  sealed,  at  the  instant  when  the  roe rcurj  begins 
Ib  deaeead.  If  this  operation  has  been  skilfully  performed,  so  as  to  leave  no  air  in  the  tube,  the  whole 
of  Ihc  tJbe  shoold  be  filled  with  quicksilver  on  holding  the  instrument  with  the  ball  uppermost. 

Te  hare  verj  large  degrees,  the  ball  roust  bear  a  considerable  proportion  to  the  tube ;  but  this 
•Heat  of  aeale  cannot  be  obtained  without  sacrificing,  in  some  measure,  the  sensibilitj  of  the  instru- 
mntL*  The  whole  of  the  process  of  constructing  thermometers  neatly  and  accurately  is  connected 
^ntik  the  poaseaaion  of  manual  skill,  which  practice  only  can  confer ;  and  it  is  scarcely  pouible,  with- 
e«t  ihe  Boat  tedious  minuteness,  to  describe  all  the  necessary  precautions  and  manipulations.  These 
vi.I  leadily  suggest  themselves  to  a  person  who  carries  the  above  instrocUons  into  eflfcct. 

la  gradoBtinig  tberasoroeters,  the  first  step  consists  in  taking  the  two  fixed  points.  The  freexing 
poif  lis  aaeertained  by  immersing  in  thawing  snow  or  ice,  the  ball  and  part  of  the  stem ;  so  that  the 
■sffftTf,  when  stationary,  shall  barely  appear  above  the  surface.  At  this  place  let  a  roaric  be  made 
with  a  fiJe.  In  taking  the  botltng  point,  considerable  caution  is  required ;  and,  for  reasons  which  will 
alkerwards  be  stated,  attention  roost  be  paid  to  the  state  of  the  barometer,  the  height  of  which,  at  the 
tiaae,  ahoold  be  precisely  39,8.  A  tin  vessel  is  to  be  provided,  (for  according  to  Oay  Lussbc.t  one 
ef  glasa  leads  to  erroneoas  results,)  four  or  five  inches  longer  than  the  thermometer,  and  furnished 
^h  a  corer,  in  which  are  two  holes.  Through  one  of  these,  the  thermometer  stem  roost  be  passed, 
(ibe  balb  being  within  the  vessel.)  so  that  the  part,  at  which  the  boiling  point  is  expected,  may  be  Just 
in  sight  The  other  hole  nwy  be  left  open,  and  the  cover  being  fixed  in  its  place,  the  vessel,  contain- 
mf  a  few  inches  of  water  at  the  bottom,  is  to  be  set  on  the  fire.  The  thermometer  will  presently  be 
wholly  saTTomded  by  steam  ;  and  when  the  mercury  becomes  stationary  in  the  stem,  its  place  must 
kc  ewrked.  The  scale  of  Fahrenheit  is  formed  by  transferring  the  intermediate  space  to  paper  by  a 
,  and  dividing  it  into  IW*,  the  lowest  being  called  33«  and  the  highest  313«.    H.  I.  M. 


*  Directions  for  cooftrocting  thermometers  of  great  senubility  are  giren  by  the  Cheralier  Landri-  , 
aai  in  the  "nil  rol.  of  tba  Jonrnal  ol  Science,  p.  183. 

183  As.  da  Ch.  I'M,  ttod  7  Aa.  da  Ch.  at  Phya.  807. 


To  reduce  the  dep;rces  of  Reaumur,  to  those  of  Fahrcnlieil, 
they  are  to  be  multiplied  by  9,  and  divided  by  4. 


Rr>ncn«r, 

16''x9=144-!-4= 
80°  X  9 =720-^4= 


:  36°+32°=68 
:180°-f33°=212 


Every  decree  of  Fahrenheit's  is  equal  to  J  of  a  degree  on  the 
centigrade  scale  ;  the  reduction,  therefore,  is  as  follows  ; 


U 


212— 32=180x5=900-:-9=100° 


IO0x9=900-h5=18O+32=218° 


96.  When  a  thermometer  is  intended  to  measure  very  low 
riiof™..  temperatures,  spirit  of  wine  is  employed  in  its  construction,  is 

that  fluid  has  never  been  frozen,  whereas  the  low  temperature 
at  which  it  boils  renders  it  unfit  for  measuring  high  tempera- 
tures.    Quicksilver  will  indicate  500°,  but  freezes  at  40°. 

97.  Air  is  sometimes  resorted  to  as  indicating  very  small 
JttrlV™^  changes  of  leraperalure.  The  instrument  employed  by  Sanclo- 
Kiiiiio.      rio,  to  whom  the  invention  of  the  thermometer  is    generally 

ascribed,  was  ofa  very  simple  kind,  and  measured  vil-iationsof 
temperature  by  the  variable  expansion  ofa  confined  portion  at 
■'■  air.     To  prepare  this  instrument,  a  glass  tube  (fig.  12)  is  lo  be 

provided,  eighteen  inches  long,  open  at  one  end,  and  blown  into 
a  ball  at  the  other.  On  applying  a  warm  hand  to  the  ball,  the 
included  air  expands,  and  a  portion  is  expelled  through  the  open 
end  of  the  tube.  In  this  state,  the  aperture  is  quickly  immersed 
in  a  cup  filled  with  any  coloured  liquid,  which  ascends  into  the 
tube,  as  the  air  in  the  ball  contracts  by  cooling.  The  instnimenl 
is  now  prepared.  An  increase  of  temperature  forces  the  liquoi 
down  the  tube  ;  and,  on  the  contrary,  the  application  of  colli 
causes  its  ascent.  These  effects  may  be  exhibited,  by  alternatelj 
applying  the  hand  to  the  ball,  and  then  blowing  on  it  with  a  pail 
of  bellows.  By  the  application  of  a  graduated  scale,  the  amouD 
of  the  expansion  may  be  measured. 

The  ball  of  the  instrument,  it  must  be  obvious,  cannot  bi 
conveniently  applied  lo  measure  the  temperature  of  liquidsi  Foi 
mciti  lot  adapting  it  to  this  purpose,  a  slight  variation  may  be  made  in  ili 
""''*  construction,  as  represented  fig.  27,  To  prepare  this  instrument 
a  small  spherical  glass  vessel  is  to  be  about  one  6th  or  one  4l! 
filled  with  any  coloured  liquid.  The  tube,  open  at  b»th  ends,  i 
then  to  i>e  cemented  into  the  neck,  with  its  loipyer  aperture  be 
neath  the  surface  of  the  fluid.  The  expansion  of  the  includci 
air  drives  the  liquid  up  the^tem,  to  which  we  may  affix  a  grad 
uated  scale,  corresponding  with  that  of  a  common  mercurii 
thermometer.  Other  modifications  have  also  been  made  by  dii 
ferent  philosophers.  One  of  the.  most  useful  and  simple  form 
is  represented  fig.  28.     It  coasiBts  merely  of  a  tube  of  ver 
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iBtll  boKy  from  9  to  12  inehes  long,  at  one  end  of  which  is. 
Uowa  a  baH,  from  half  aa  inch  to  an  inch  in  diameter,  which  is 
afterwards  blackened  by  paint,  or  by  the  smoke  of  a  candle.  A 
mall  eolumn  of  coloured  liquid,  about  an  inch  in  length,  is  then 
iotrodacedyby  a  manipulation  similar  to  that  already  described. 
To  fit  the  instrument  for  use,  this  column  ought  to  be  stationa- 
ry, about  the  middle  of  the  tube,  at  the  common  temperature  of 
the  atmoqphere.  The  slightest  variation  of  temperature  occa* 
siona  the  movement  of  the  coloured  liquid  ;  and  a  scale  of  equal 
parts  measures  the  amount  of  the  effect. 

An  insuperable  objection,  however,  to  the  air  thermometer,  objMtiMti 
09  thu9  eonsirueiedf  is,  that  it  is  effected,  not  only  by  changes  Oi«<r<M. . 
of  temperature,  but  by  variations  of  atmospheric  pressure.  Its 
utility  consists  in  the  great  amount  of  the  expansion  of  air, 
whieh,  by  a  given  elevation  of  temperature,  is  increased  in  bulk 
above  twenty  times  more  than  mereury.  Hence  it  is  adapted 
to  detect  minute  changes  of  temperature,  which  the  mereurial 
thermometer  would  scarcely  discover,  and  its  expansions  being 
uniform  for  equal  additioujs  of  heat,  it  is  better  adapted  than  any 
liquid  for  becoming,  when  properly  applied,  an  accurate  measure 
of  temperature. 

98.  An  important  modification  ofthe  air  thermometer  has  been  i^ne«,  cf- 
invenled  by  Mr  Leslie,  and  employed  by  him,  with  great  ad-  [j^'S^**^ 
vantage,  in  his  interesting  researehes  respecting  heat.  To  this 
instrument,  he  has  riven  the  name  of  the  Differential  7%er- 
fnmneieTf  fig.  13.  It  consists  of  two  large  glass  bulbs  contain- 
ing air,  united  by  a  tube  twice  bent  at  right  angles,  containing 
coloured  sulphuric  acid.    AVhen  a  hot  body  appronchcs  one  of 

the  bulbs,  it  drives  the  fluid  towards  the  other.  The  peat  ad- 
vantage of  this  instrument  in  delicate  experiments  is,  that  gen- 
eral changes  of  the  atmosphere's  temperature  do  not  affect  it, 
but  it  only  indicates  the  difference  of  temperature  between  the 
two  balls. 

99.  A  differential  thermometer  has  been  contrived  by  Dr 
Howard  resembling  that  of  Mr  Leslie  in  its  general  form,  fig  IG, 
but  in  which  the  degree  of  heat  is  measured  by  the  expansive 
force  of  the  vapour  of  ether  or  spirit  of  wine  in  vacuo.  Direc- 
tions for  constructing  it  are  given  in  the  8th  vol.  of  the  Quarterly 
Journal  of  Science,  p.  219.  It  is  intended  to  be  applied  to  the 
same  purposes  as  that  of  Mr  Leslie,  but  is  more  sensible  to 
changes  of  temperature>  and  the  movement  of  the  fluid  (ether 
tinged  by  a  drop  of  tincture  of  cochineal),  follows  instantaneous- 
ly the  application  of  the  heating  cause,  whereas  in  the  air  ther- 
mometer some  time  is  required  before  the  effect  takes  place. 
H.  1.  94. 

100.  The  relative  quantities  of  heat  which  different  bodies  in  ^  ^^ 
the  same  state  require  to  raise  them  to  the  same  thcrmometric  ciTuric!^ 
temperature,  is  called  their  specific  heat,  and  those  bodies  which 
require  most  heat  are  said  to  have  the  greatest  capacity/  for  heat,  capacity. 
That  the  quantity  of  heat  in  different  bodies  of  the  same  temper- 
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oture  is  different,  was  first  shown  by  Dr  Black,  in  his  lectures 
at  Glasgow  in  1702. 

101.  It  has  heeii  staled  (93)  as  a  proof  of  the  accuracy  of  tha 
I  thermometer,  that  equal  volumes  of  the  same  fluid,  at  different 
temperatures,  give  the  arithmetical  mean,  on  mixlure.  Thus, 
the  temperature  of  a  pint  of  hot  and  a  pint  of  cold  water  is,  after 
mixture,  as  ne»r  as  possible  half-way  between  the  extremes. 
The  cold  water  being  of  a  temperature  of  50°,  and  iheholof  100', 
the  mixture  raises  the  thermometer  to  75°.  But  if  a  pint  of 
quiclt-silver  at  100°  be  mixed  with  water  at  50°,  the  result- 
ing temperature  is  not  75°,  but  70°  ;  bo  that  the  quicksilver  his 
lost  30°,  whereas  the  water  has  only  gained  20°.  Hence,  it 
is  said,  that  the  capacity  of  mercury  for  heat  is  less  than  that  of 
water ;  and  if  the  weiglit  of  two  bodies  be  compared,  which  are 
as  13,3  to  1,  their  capacities  will  be  to  each  other  as  19  to  1. 

103.  In  cases  where  the  specific  heat  of  bodies  is  lo  be  ascer- 
tained, it  is  convenient  that  water  should  be  the  standard  of 

I.  comparison,  or^l.  The  following  is  a  general  formula  for  ile- 
termining  the  specific  heat  of  bodies,  from  the  temperature  re- 
sulting from  the  mixture  of  two  bodies  at  unequal  temperatures, 
whatever  be  their  respective  quantities.  Multiply  the  weight 
of  the  water  by  the  difference  between  its  original  temperature, 
and  that  of  the  mixture;  also,  multiply  the  weight  of  the  other 
liquid  by  the  difference  between  its  temperature  and  that  of  the 
mixture;  divide  the  first  product  by  Ihe  second,  and  the  quo- 
tient will  express  the  specific  heal  of  the  other  substance,  that 
of  water  being=  1.  Thus,  20  ounces  of  water  at  105°,  mixed 
with  13  onnccso  f  spermaceti  oil  at  40°,  produce  a  temperature 
of  90°,  Ti-.erefore,  multiply  iiO  by  15  (the  difference  between 
105  and  90)  =  300.  And  multiply  12  by  50  (the  difference 
between  40  and  90)  =  600.  Then  300,  -i-  600  =1,  which  is 
the  specific  heat  of  oil ;  that  is,  water  being  =  1,  oil  is  =  0,5. 
10.1,  The  capacities  of  bodies  for  heal  have  considerable  influ- 
ence upon  the  rale  al  which  ihey  are  heated  and  cooled.  Those 
bodies  which  are  most  slowly  heated  and  cooled  have  generally 
the  greatest  capacity  for  heat.  Thus,  if  equal  quantities  of  wa- 
ter and  quicksilver  be  placed  at  equal  distances  from  the  fire, 
tha  quicksilver  will  be  more  rapidly  heated  than  the  water, 
and  the  meldl  will  cool  most  rapidly  when  carried  to  a  cold 
place.  Upon  thisprinciple,  Professor  Leslie  ingeniously  deter- 
mined the  specil'ic  heat  of  bodies,  observing  their  relative  times 
of  cooling  a  ceri.iin  number  of  degrees,  comparatively  with 
water,  under  similar  circumstances. 

M.  M,  Petit  and  Dulong  have  published  some  important  re- 
,  searches  on  the  subject  of  specific  heat,  which  render  it  probable 
';  that  the  atoms  of  all  simple  substances  have  exactly  the  same 
capacities  for  heat. 

104.  Lavoisier  and  La  Place  endeavoured  to  ascertain  the  spe- 
cific heat  of  bodies  by  the  relative  quantities  of  ice  which  they 
were  capable  of  thawing,  during  cooling :  thus,  if  a  pint  of  water 
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kcodliog  from  218^  to  32^  melted  a  poand  of  ice,  and  a  pint  of  Lmvouio's 
•B  ID  pasainji;  through  the  same  ran^  of  temperature  only  gaye  ^*^^' 
aot  bnt  eaoagh  to  thaw  half  a  pound  of  ice,  it  was  concluded 
that  the  qweific  heat  of  water  beings  1,  that  of  the  oil  was  ss 
Opff.  Theiutniment  which  they  employed  in  theae  researches, 
and  whieh  &  fully  described  in  Layoisier's  Eiemenis  qf  Chem' 
iUrjff  is  not  however,  susceptible  of  aocuracy,  for  Mr  Wedg- 
wood has  ahowD  that  it  is  scarcely  possible  to  separate  the  water 
fioi»theiee. — PAil.  Trans.  Vol.  Ixxiy. 

105.  The  eapieity  of  gases  and  vapours  differs  with  the  nature 

of  the  gaS|  and  with  its  density.    In  gases,  dilatation  produces  nu^tetiMor 
eddy  and  compression  excites  heat     A  thermometer  suspended-*£ie«s  eSit 
in  the  receiver  of  the  air-pump  sinkn  during  exhaustion,  and  STT*''^ 
sudden  eompression  of  air  produces  heat  sufficient  to  inflame 
tinder.     In  liquids,  too,  condensation  diminishes  capacity  for 
heat;  hence  the  mixture  of  spirit  and  water,  and  of  sulphuric 
acid  and  water  evolves  heat.  (42)    The  increased  capacity  which 
air  aeqaires  by  rarefaction  has  its  influence  in  modifying  natural 
temperatures.    The  air,  becoming  rarer  as  it  ascends,  absorbs 
its  own  heat  and  hence  becomes  cold  in  proportion  as  it  recedes 
from  the  earth's  sur&ce:  thus  moisture,  rain,  or  snow  are 
thrown  down  on  the  mountain-tops. 

106.  Calorie  escapes  from  bodies  in  two  different  modes. —  |t,>JTv.HHT>- 
Fwit  of  it  finds  its  way  through  space,  independently  of  other 
matter,  and  with  immeaaurable  velocity.     In  this  state  it  has 

been  ealled  radiant  heat,  or  radiant  caloric. 

107.  Radiant  caloric  exhibits  several  interesting  properties. 

1.  Its  reflection.  Those  surfaces,  that  reflect  light  most  per-  Reflection  •! 
fectly,  are  not  equally  adapted  to  the  reflection  of  caloric.  «^*"'^- 
Thus,  a  glass  mirror,  which  reflects  light  with  great  eflect  when 
held  before  a  blazing  fire,  scarcely  returns  any  lieat,  and  the 
mirror  itself  becomes  warm.  On  the  contrary,  a  polished  plate 
of  tin,  or  a  silver  spoon,  when  similarly  placed,  reflects,  to  the 
band,  a  very  sensible  degree  of  warmth ;  and  the  metal  itself 
remains  cool.  Metals,  therefore,  are  much  better  reflectors  of 
caloric  than  glass ;  and  they  possess  this  property,  exactly  ac- 
cording to  their  degree  of  polish. 

108.  Caloric  is  reflected  according  to  the  same  law  that 
regulates  the  reflection  of  light.  This  is  proved  by  an  interesting 
experiment  of  M.  Pictet ;  the  means  of  repeating  which  may  be 
attained  at  a  moderate  expense.  Provide  two  reflectors  of  plan- 
ished tin,  {a  and  b,  fig.  24),  which  may  be  12  inches  diameter,  pi.  ]. 
and  segments  of  a  sphere  of  nine  inches  radius.  Parabolic  mir- 
rors are  still  better  adapted  to  the  purpose,  but  their  construction 

is  less  easy.  Each  of  these  must  be  furnished,  on  its  convex 
side,  with  the  means  of  supporting  it  in  a  perpendicular  position 
on  a  proper  stand.  Place  the  mirrors  opposite  to  each  other  on  £xp. 
a  table,  at  the  distance  of  from  six  to  12  feet.  Or  they  may  be 
placed  in  a  horizontal  position,  as  represented  in  the  fourth  plate 
to  Sir  H.  Davy's  Chemical  Philosophy,  an  arrangement  in  some 


rt^spccls  more  convenient.  In  ihe  focus  of  one,  let  llie  ball  of  an 
air  Lhennometer,  or  (which  is  still  belter]  one  of  the  balls  of  a 
difTerential  thermometer,  be  situated  ;  and  in  that  of  the  other, 
suspend  a  ball  of  iron,  about  four  ounces  in  weight,  and  heated 
below  i|;nition,  or  a  small  matrass  of  hot  wnter;  having  pre- 
viously interposed  a  screen  before  the  thermometer.  Immedi- 
ately on  withdrawing  the  screen,  the  depression  of  the  column  of 
liquid,  in  the  air  thermometer,  evinces  an  increase  of  tempera- 
ture ill  the  instrument,  in  this  experiment,  the  caloric  flows 
first  from  the  heated  ball  to  tbe  nearest  reflector ;  from  this  it  is 
transmitted,  in  parallel  rays,  to  the  surface  of  the  second  rellcc- 
lor,  by  which  it  is  collected  into  a  focus  on  the  instrument.  This 
is  precisely  the  course  that  is  folloucd  by  radiant  light ;  for  if  the 
flame  of  a  taper  be  substituted  for  the  iron  ball,  the  image  of  the 
candle  will  appear  precisely  on  that  spot,  (a  sheet  of  paper  being 
presented  for  its  reception),  where  the  rays  of  caloric  were  be- 
fore concentrated.     H.  1.  102. 

109.  When  a  glass  vessel,  filled  with  ice  or  snow,  is  substi- 
tuted for  the  heated  ball,  the  course  of  the  coloured  liquid  in  the 
thermometer  will  be  precisely  in  the  opposite  direction  ;  for  its 
ascent  will  shovv,  that  the  air  in  the  ball  is  cooled  by  this  arrange- 
ment. This  experiment,  which  appears,  at  first  view,  to  indi- 
cate  the  reflection  of  cold,  presents,  in  fact,  only  the  reflection 
of  heat  in  an  opposite  direction ;  the  ball  of  the  thermome- 
ter being,  in  this  instance,  the  hotter  body.  "  And  since  heat 
emanates  from  bodies  in  quantities  greater  as  their  temperature 
is  higher,  Ihc  introduction  of  a  cold  body  inio  the  focus  of  one 
mirror,  necessarily  diminishes  the  temperature  of  a  tliermom- 
eler  in  the  focus  of  the  other,  in  tbe  same  manner  as  a  black 
body,  placed  in  the  focus  of  the  one,  would  diminish  the  quantity 
oflightin  the  focusof the  other.'" 

110.  Radiation  goes  on  in  all  elastic  media,  and  in  the  Tor- 
ricellian and  air-pump  vacuum,  as  may  be  shown  by  igniting 
charcoal  by  means  of  the  Voltaic  battery,  placed  in  the  focus  of 
a  small  mirror  confined  in  Ihe  exhausted  receiver  of  tbe  air- 
pump.  Sir  M,  Davy  found  that  the  receiver  being  exhausted 
to  r^g.  the  effect  upon  the  thermometer  in  the  opposite  focus 
was  nearly  three  times  as  great  as  when  tbe  air  was  in  its 
natural  stale  of  condensation,  fig.  19,  a  is  the  receiver,  b  b  the 
insulated  wires  connected  with  the  voltaic  apparatus  igniting  the 
charcoal  in  ihe  focus  of  the  upper  mirror  c.  In  the  focus  of 
the  lower  mirror  d  is  the  thermometer  e. 

111.  The  nature  of  the  surface  of  bodies  has  an  important 
influence  over  their  power  of  radiating  caloric. 

112.  It  has  long  been  known,  in  regard  lo  solar  rays,  that 
their  beating  cflbct  depends  much  upon  the  colour  of  the  surfaces 
upon  which  they  impinge,  and  that  black  and  dark  bodies  are 
more  heated  than  those  ivhich  are  white  or  of  light  tints,  cir- 
cumslances  dependent  upon  absorption  and  reflection. 
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number  in  seventy-two  niinules,  if  the  surface  be  tarnished  with 
quicksilver.  Water,  also,  enclosed  in  a  clean  and  polished  tin 
ball,  cools  ahout  twice  more  slowly  than  water  in  the  same  bull 
covered  with  oiled  paper.  Blackening  the  surface  with  paint, 
or  even  a  thin  coal  of  varnish,  on  the  same  principle,  (112)  ac- 
celerates p-catly  the  rale  of  cooling,     H.  1.  104. 

It  is  obvious,  from  these  facts,  that  all  vessels  intended  to 

retain  beat,  should  be  clean,  and  metallic,  for  polished  metallic 

rt-  surfaces  have  very  low  radiating  powers  ;  whereas  those  vessels 

T°  which  are   either  to  receive,  or  to  radiate,  should  be  blackened 

'     upon   tbeir  surfaces.     The   knowledge  of  these  properties  is 

economically  applicable  in  a  variety  of  cases. 

11G.  Radiant  caloric  is  absorbed  with  diEfcrent  facility  by 
'"  different  surfaces.  This  is  only  slating,  in  oiher  terms,  th4 
'•''  surfaces  are  endowed  wiih  various  powers  of  reflecting  caloric, 
since  the  power  of  absorbing  caloric  is  precisely  opposite  to 
that  of  reflecting  it.  Hence  the  best  reflectors  of  heat  will 
absorb  the  least.  It  may  be  proper,  however,  to  offer  some 
illustrations  of  the  principle  under  this  form. 

Expose  the  bulb  of  a  sensible  thermometer  to  the  direct  rays 
of  the  sun.     On  a  hot  summer's  day  it  will  probably  rise,  in  this 
climate,  (Eng.)  to  108°."     Cover  it  with  India  ink,  and  again 
expose  it  in  a  similar  manner.     During  the  evaporation  of  the 
moisture,  it  will  fall ;  but  as  soon  as  the  coating  becomes  dry, 
it  will  ascend  to  1 18°,  or  upwards,  of  Fahrenheit,  or  10°  higher 
than  when  uncovered  with  the  pigment.     This  cannot  be  ex- 
plained by  supposing  that  the  black  coating  is  gifted  with  the 
power  of  retaining  caloric,  and  preventing  its  escape  ;  because, 
from    experiments   already  related,    it  appears,  that  a  similar 
coating  accelerates  the  cooling  of  a  body  to  which  it  is  applied. 
„„      1 17.  Colour  has  considerable  influence  over  the  absorption  of 
i"-  caloric.     This  is  shown  by  the  following  very  simple  expert- 
"^  ment  of  Dr  Franklin. 

On  a  winter's  day,  when  the  ground  is  covered  with  snow, 
take  four  pieces  of  woollen  cloth,  of  equal  dimensions,  but  of 
different  colours.  I'iz.  black,  blue,  brown,  and  while,  and  lay 
them  on  the  surface  of  the  snow,  in  the  immediate  ueigbbour- 
hood  of  each  other.  In  a  few  hours,  the  black  cloth  will  have 
sunk  considerably  below  the  surface;  the  blue  almost  as  much  ; 
the  brown  evidently  less  ;  and  the  white  will  remain  precisely 
in  its  former  situation.  Thus  it  appears  that  the  sun's  rays  are 
absorbed  by  the  dark  coloured  cloth,  and  excite  such  a  durable 
heal,  as  to  melt  the  snow  underneath  ;  but  they  have  not  the 
power  of  penetrating  the  white.  Hence  the  preference,  gener- 
ally given  to  dark  coloured  cloths  during  the  winter  season, 
anil  to  light  coloured  ones  in  summer,  appears  to  he  founded  oa 
reason.     H.  105. 

118.  When  different  bodies  are  exposed  to  the  same  source 
of  heat,  they  suffer  it  to  pass  through  them  with  very  different 


iinilereo  the  same  chanKC  of  temperature ;  and  1305  seconds, 
with  ihe  some  weight  of  Eider-down.  Tlie  compression  of  floc- 
culent  substances  (o  a  certain  extent,  renders  them  still  inferior 
conductors  :  thus,  ivhen  the  spnce  which  in  the  nbove  eitperi- 
menls  contained  IG  grains  of  Eider-down  was  filled  with  32, 
and  then  with  G4  irrains,  the  times  required  for  the  escape  of  60 
degrees  of  heat  were  successively  increased  from  1305"  to  1478" 
and  1615". 
;r«io(io.-  '^i  fhe  other  hand  lo  show  Ihe  oflecl  of  mere  texture,  similar 
'"-  comparative  trials  were  made  of  the  ronductinfr  powers  of  t-qual 

weighls  of  raw  silk,  of  ravelin^s  of  while  lalTcla.  and  of  commoa 
sewing  silk,  nf  which  the  first  has  the  fi'iesl  tibre,  the  second 
less  fine,  and  Ihe  ihird  from  being  twisted  and  harder  la  much 
coarser.  The  difference  between  these  three  modifications  of 
the  same  substance  is  very  striking,  the  raw  silk  detaining  the 
heat  for  '384",  the  taffeta  ravelin's  1169",  and  the  silk  thread 
only  917". — Aikiv's  Bid.  Art.  Caloric. 

120.  The  difierent  conducting  powers  of  bodies  in  respect  lo 
heat,  are  shown  in  the  application  of  wooden  handles  lo  metallic 
vessels  ;  or  a  stratum  of  ivory  or  wood  is  interposed  between 
the  hot  vessel  and  the  metal  handle.  The  transfer  of  heat  is 
thus  prevented.  Heat  is  confined  by  bad  conductors;  hence 
clothina;  for  cold  climates  consists  of  woollen  materials  ;  hence, 
too,  the  walls  of  furnaces  are  composed  of  clay  and  sand. — 
Confined  air  is  a  very  bad  con'iuclor  of  heat;  hence  the  advan- 
tage of  double  doors  to  fitrnaces.  to  prevent  the  escape  of  heat; 
and  of  a  double  wall,  with  an  interposed  stratum  of  air,  to  an 
icehouse,  which  prevents  the  influx  of  heat  from  without. 

121.  From    the    different    conducting   powers  of  bodies   in 
'"Irfc'iiil  respect  to  heat,  arise  the  sensations  of  heat  and  cold  experienced 

upon  their  application  to  our  organs,  though  their  tiiermome- 

tric    temperature  is  similar.     Good  conductors  occasion,  when 

touched,  a  greater  sensation  of  heat  and    cold  than    bad  ones. 

Metal  feels  cold    because  it  readily   carries  olT  the  heat  of  tho 

body  ;  and  we  cannot  touch  a  piece  of  metal  immersed  in  air  of 

a  temperature  moderate  to  our  sense, 

ouij."  tni        '^~-  Liquids  and  gases  are  very  imperfect  conductors  of  heat, 

™  i-njtr-  and  heat  is  generally  distributed    through   them  by  a  change  of 

n.  "   ""  specific   gravity  ;  by  an  actual  change  in  the  situation  of  their 

particles.     (89.) 

I  Take  a  glass  tube,  eight  or  ten  inches  long,  and  about  an  inch 

in  diameter.     Pour  into  the  bottom  part,  for  about  the  depth  of 

an  inch,  a  llllle  water  tinged  with  litmus,  and  fill  up  the  lulJe 

with  common  water,  pouring  on  the  latter  extremely  gently,  so 

aa  to  keep  the  two  strata  quite  distinct.     If  the  upper  part  of 

the  tube  be  first  heated,  the  coloured  liquor  will  remain  at  Ihe 

bottom  ;  but  if  the  tube  be  afterwards  healed  at  the  bottom, 

^c  infusion  will  ascend,  and  will  tinge  the  whole  mass  of  fluid. 

Into  a  cylindrical  glass  Jar,  four  inches  in  diameter,  and  13 

or  14  deep,  lei  a  circular  piece  of  ice  be  fitted  3  j  inches  thick, 
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its  place,  lill  it  is  changed  into  ice.  This  property  of  water  is 
one  of  the  most  remarkable  exceptions  to  the  law,  that  bodies  are 
expanded  by  an  increase,  and  contracted  by  a  diminution,  of  tem- 
perature.    H.  1.  107, 

ia4.  If  we  apply  heat  to  the  upper  surface  of  any  fluid,  It  will 
with  great  difficulty  make  its  way  downwards. 

Let  an  air  ihermometer  be  cemented  into  a  ^lass  funnel  sup- 
ported as  represented  in  fig.  14;  cover  the  bulb  of  the  iostru- 
ment  with  water,  and  upon  ihe  surface  of  the  water  pour  a  small 
quantity  of  ether.  The  ether  muy  be  inflamed  and  ihe  air  ther- 
mometer will  nol  be  sensibly  affecled. 

125.  Count  Rumford  considered  fluids  as  perfect  nonconduc- 
tors of  caloric,  and  that  they  propagi^te  caloric  in  one  direction, 
vi'r.  upwards  in  consequence  of  the  motions  which  il  occasioni 
amon^  the  particles  of  fluid.  The  Count  inferred  also,  thai 
if  these  motions  could  be  suspended,  caloric  would  cease  to  pass 
through  waier ;  and  with  the  view  of  deciding  this  question,  he 
made  the  following  experiments,  which  admit  of  being  easily  re- 
peated. A  cylindrical  tin  vessel  must  previously  be  provided, 
two  inches  in  diameter,  and  2^  inches  deep,  having  a  moveable 
cover,  perforated  with  a  small  aperture,  for  transmitting  the  stem 
of  a  thermometer,  which  is  to  be  inserted,  so  that  its  bulb  may 
occupy  the  centre  of  the  vessel. 

Fill  this  vessel  with  water  of  the  tempemture  of  the  atmos- 
phere ;  let  the  cover  be  put  in  its  place:  and  let  the  whole 
apparatus,  except  the  scale  of  the  thermometer,  be  immersed 
in  water,  which  is  to  be  kept  boiling  over  a  lamp.  Observe  how 
long  a  time  is  required  to  raise  the  water  from  its  temperature 
at  the  outset  to  1S0°,  and  remove  it  from  its  situation.  Note, 
also,  how  long  it  takes  to  return  to  its  former  temperature. 

Repeat  the  experiment,  having  previously  dissolved  in  the 
water  200  grains  of  common  starch.  The  ihermometer  will  now 
require  about  half  as  long  again  to  arrive  at  the  same  temperature, 
A  similar  retardation,  and  to  a  greater  amount,  is  produced  by 
the  mixture  of  eider-down,  collon-wool,  and  various  other  sub- 
stances, which  are  not  chemically  soluble  in  water,  and  which 
can  diminish  its  conducting  power  in  no  other  way  than  by  ob- 
structing the  motion  of  its  particles.     H.  lOS. 

126.  The  more  accurate  researches  of  Dal  ton,  Hope,  Murray, 
(SysteTn  of  Chemistry,  Vol.  i,,)  and  Thomson,   (System  tff 

'l  Chemistry,  Vol.  i.)  have  demonstrated  that  they  do  conduct^ 
though  very  imperfectly. 

Thus,  if  we  carefully  pour  hot  oil  upon  water  in  a  tall  glasf 
jar  with  delicate  thermometers  placed  at  difierent  distances  uD' 
der  the  surface,  it  will  be  found  that  those  near  the  heated  surface 
indicate  increase  of  temperature;  it  might  here  be  said  thattht 
heat  was  conducted  by  the  sides  of  the  Jar,  and  so  communi 
cated  to  the  water ;  to  obviate  such  objection  Dt  Murray  mad< 
the  experiment  in  a  vessel  of  ice,  which  being  converted  inti 
water  at  32°.  cannot  convey  any  degree  of  heat  above  32' 


ilovowards  ;  yet  ihe  thermomelers  were  afiecled,as  in  the  for- 
mer trial. 
HI.  Experiments  on  tlie  conducting  power  of  air  are  complex 
i  difficult,  and  the  results  hitherto  obtained  are  unsatisfactory. 
US.   Ucal  has  great  influence  on    the  forms  or   states  of  _^ 
.liies.      When  we  heat  a  solid  it  becomes  fluid  or  gaseous  and  Ji 
,iilds    are   converted    into  aeriform  bodies   or   vapours.     Mr " 
I  i  iclt  investigated  this  eflect  of  heat  with  singular  felicity,  and 
.11-  researches  rank  among  the  most  admirable  efforts  of  experi- 
mental philosophy,  (Blacs's  Lectures,  edited  by  John  liohin- 
ion,  LL.D.)     During;  the  liquefaction  of  bodies,  a  quantity  of 
h'Mt  is  absorbed,  which  is  essential  to  the  state  of  fluidity,  and 
iihich  does  not  increase  the  sensible  or  thermometric  tempera- 
re.     Consequently,  if  a  cold  solid  body,  and  the  same  body 
j|  and  in  a  liquid  state,  be  mixed  in  known  proportions,  ths 
rnperature  aftermixture  will  not  be  the  proportional  mean,  ai 
■  jU  be  the  case  if  both  were  liquid,  but  will  fall  short  of  it ; 
i^h  of  the  heat  of  the  hotter  body  being  consumed  in  reo- 
..-ing  the   colder  solid,    liquid,  before  il  produces  any  eflect 
j-un  its  xensible  temperature. 
129.  Equal  parlsof  «J«/er  at  32°,  and  of  Mic/er  at  212°  will 
produce  on  mixture  a  mean  temperature  of  122°.    But  equal  parts 
•ji  ice  at   32°,  and  of  water  at  212°,   will    only    produce  (after 
i'-  liquefaction  of  the  ice)   a   temperature  of  52°,  the  greater 
riion  of  the  heat  of  the  water  being  employed  in  thawing  the 
'  .  before  il  can  produce  any  rise  of  temperature  in  the   mix- 
I'j.     To  heat  thus  insensible  or  combined,  Dr  Black  applied 
":  term  latent  heat.     The  actual    loss  of  the  thermometric  '■' 
Ji  in  these  cases  was  thus  estimated  ;  a  pound  of  ice  at  32- 
.1:1  put  into  3  pound  of  water  at  172°  ;  the  ice  melted,  and  the 
i-jmpcrature  of  the  mixture    was   32°.     Here   the  water  was 
cooled  140".  while  the  temperature  of  the  ice  was  unaltered  ; 
ihai  is,  1)0°  of  heat  disappeared,  their  elTecl  being  not  to  in- 
crease temperature,  but  to  produce  fluidity. 
):iO.  In  all  cases  of  liquefaction  caloric  is  absorbed,  and  we  „ 
^.Jocc  artiflclal    cold,    often  of  great  intensity,  by  the  rapid  " 
■ijtion  of  certain  saline  bodies  in  water.     Upon  this  principle 
.;  action  of  freezing  mixtures  depends,  some  of  which  may 
■jiiently  be  conveniently    and    economically    applied    to  the 
r|«*sc  of  cooling  wine  or  water  in  hot  climates,  or  where  ice 
..not  be  procured, 

dilute  a  portion  of  nitric  acid  with  an  equal  weight  of  ^ 
i'.cr;  and,  when  the  mixture  has  cooled,  add  to  it  a  quantity 
iijht  fresh-fallen  snow.  On  immersing  the  thermometer  in 
'  mixture,  a  very  considerable  reduction  of  temperature  will 
'jbservcd.  This  is  owing  to  the  absorption,  and  intimate 
.nionof  the  free  caloric  of  the  mixture  by  the  liquefying  snow. 
Mix  quickly  together  equal  weights  of  fresh-fallen  snow 
'2%  and  of  common  salt,  cooled,  by  exposure  to  a  freezing  e 
nDsiih«re,  down  to  33".     The  two  solid  bodies,  on  admixture, 
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will  rapidly  liquefy;  and  the  thermometer  will  sink  33°,  or  0 ; 
or,  according  to  Sir  C.  Btagden,  to  4°  lower.*     To  understand 
this  experiment,  it  must  be  recollected,  that  the  snow  and  salt, 
thouph  at  the  freezing  temperature  of  water,  have  each  a  con- 
siderable portion  of  uncombined  caloric.     Now  salthas  a  strong 
affinity  for  water;  but   the  union  cannot  take  place  while  the 
water  continues  solid.     In  order,  therefore,  to  act  on  the  salt,  th« 
snow  absorbs  all  the  free  caloric  required    for  its  liquefaction; 
and  during  this  change,  the  free  caloric,  both  of  the  soow  and 
of  the  salt,  amounting  to  32",  becomes  latent,  and  is  concealed 
in  the  solution.     This  solution  remains  in  a  liquid  state  atO.or 
4°  below  0  of  Fahrenheit;  but  if  a  greater  degree  of  cold    be 
applied  to  it,  the  salt  separates  in  a  concrete  form. 
Alost  neutral  salts,   also,  during  solution   iu   water,  absorb 
K,p.           much  caloric ;  and  the  cold,  thus  generated,  is  so  intense  as  to 
freeze  water,  and  even  to  congeal  mercury.     The  former  expe- 
riment, however,  {viz.  the  congelation  of  water),  may  easily  be 
repeated  on  a  summer's  day.     Add  to  33  drachms  of  water,  U 
drachms  of  muriate  of  ammonia,  10  of  nitrate  of  potash,  and  16 

solved  separately,  in  the  order  set  down.     A  thermometer,  put 
into  the  solution,  will  show,  that  the  cold  produced  is  ai,  or  be- 
low, freezing;  and  a  little  water,  in  a  thin  glass  tube,  being  iin- 

i_    mersed  in  the  solution  will  be  frozenin  a  few  minutes.  H.  1. 113. 

1           131.  The  following  Table  shews  the  results  of  some  of  Mr 
■Walker's experiments  on  this  subject.     *ee  Philos.  Tratis.for 
1787—88—89—95  and  1801. 

M 

Witeoffri- 
(oriSc  mi*- 

>li.u„„.          ■ 

■r.,™,..r..V. 

From  iO"  to  10° 

Water 16 

From  50"  lo  4° 

Waler 1 

rroro  50°  to  3" 

Uili>le<1sulphurtoacrd 4 

Snow  1 

Comnian  wit 1 

from  32"  to  0" 

Murinte  of  lime 3 

Snow 2 

rrom  32°  10—50° 

From— lO"  10—56° 

fJLlHled  ml^urio  «cid 1 

fliluled  nilrio  acid 1 

Show  or  pounded  ice IS 

From— 18°  to— 15" 

From- 40°  10-13° 

Sno« 1 

Uilutnil  BuJphuFK-  ai:id IU 

Snow a 

Prom— 68"  lo-9l° 
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'  0°  Fahrenheit,  by  an  artificial  mixture  of  snow  and  common 
salt.  The  pan  c  c  is  also  filled  with  these  materials,  and  the 
wooden  cover  is  then  put  into  its  place.  The  vessels  are  now 
left  till  the  quicksilver  is  frozen.  A  more  elegant,  but  more 
expensive,  apparatus,  by  Mr  Pepys,  intended  for  the  same 
purpose,  is  figured  in  an  early  volume  of  the  Philosophical 
/^3*agazine.     H.  1.  114. 

133.  When  fluids  are  converted  into  solids,  their /fz/en/ heat 
ricmade^^  becomcs  SBfisible.     Water  if  kept  perfectly  free  from  agitation 
"'^^^*           may  be  cooled  down  several  degrees  below  32° ;  but,  on  shak- 
ing it,  it  immediately  congeals,  and  the  temperature  rises  to  32^ 

134.  The  evolution  of  caloric,  during  the  congelation  of  wa- 
ter is  well  illustrated  by  the  following  experiment  of  Dr  Craw« 
ford  : — Into  a  round  tin  vessel  put  a  pound  of  powdered  ice; 

'^  surround  this  by  a  mixture  of  snow  and  salt  in  a  larger  vessel; 

and  stir  the  ice  in  the  inner  one,  till  its  temperature  is  reduced 
to  -f  4°  Fahrenheit.  To  the  ice  thus  cooled  add  a  pound  of 
water  at  32°  One-fifth  of  this  will  be  frozen ;  and  the  tempe- 
rature of  the  ice  will  rise  from  4°  to  32°.  In  this  instance,  the 
caloric  evolved,  by  the  congelation  of  one-fifth  of  a  pound  of 
water,  raises  the  temperature  of  a  pound  of  ice  28°.     H.  1.  115. 

Kip.  If  we  dissolve  sulphate  of  soda  in  water,  in  the  proportion  of 

one  part  to  five,  and  surround  the  solution  by  a  freezing  mix- 
ture, it  cools  gradually  down  to  31°.  The  salt,  at  this  point, 
begins  to  be  deposited,  and  stops  the  cooling  entirely.  This 
evdution  of  caloric  during  the  separation  of  a  salt,  is  exactly 
the  reverse  of  what  happens  during  its  solution.  (Blagden^ 
Philos.  Trans.  Ixxviii.  290.) 

Exp.  When  a  solution  of  Glauber's  salt  is  made  suddenly  to  crys- 

tallize, its  temperature  is  considerably  augmented  ;  and  when 
water  is  poured  upon  quicklime,  a  great  degree  of  heat  is  pro- 
duced by  the  solidification  which  it  sufiers  in  consequence  of 
chemical  combination  ;  congelation,  ther^ore,  is  to  surrounding 
bodies  a  heating  process  and  liquefaction  a  cooling  process. 
Conversion  .    135.     Whcu   Hquids   are    heated   they  acquire  the  gaseous 

the '"^llliriform  form,  and  become  invisible  clastic  fluids,  possessed  of  the  me- 

•'*^*  chaniral  properties  of  common  air.     They  retain  this  form  or 

state  as  long  as  their  temperature  remains  sufficiently  high,  but 
re-assume  the  liquid  form  when  cooled  again.  Fill  ajar  with 
water  heated  to  104°  and  invert  it  in  a  vessel  of  the  same. 
Then  introduce  a  little  ether  by  means  of  a  glass  tube  closed  at 
one  end.  The  ether  will  rise  to  the  top  of  the  jar,  and,  in  its 
ascent  will  be  changed  into  s:as,  filling  the  whole  jar  with  a 
transparent  invisible,  elastic  fluid.  On  permitting  the  water  to 
cool,  the  ethereal  gas  is  condensed,  and  the  inverted  jar  again 
becomes  filled  with  water. 

.  ...  136.   Different  fluids  pass  into  the  aeriform  state  at  different 

Boilinif  point  •      •      •      -i.  •  ftr  • 

of  fluids  dif-  temperatures,  or  their  boiling  points  are  different;  these  are  also 

^^°  regulated  by  the  density  of  the  atmosphere.     Ether  is  changed 

into  gas,  by  diminishing  the  weight  of  the  atmosphere.     Into  a 
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f)»s  tube,  ftg- 10,  about  six  tnchen  lonfi;.  and  half  an  inch  in  dJam>  f< 
eter,put  a  leaspoonful  ofelher.nrni  fill  up  the  tube  with  water;  ''' 
''.CD.  pressin*;  the  thumb  on  the  open  end  of  ihe  tube,  place  it,  in- 
-iieJ,  inajarof  waier.  Let  the  whole  he  set  under  the  receiver 
1  jii  air-p«mp,  and  exhaust  tlie  air.  The  ether  will  be  ch3[>«;ed 
■a  gas,  which  will  espel  the  water  entirely  from  the  tube. 
'  I'l  re-admitting  Ihc  air  into  the  receiver,  the  gas  is  again  con- 
■msecl  into  a  liquid  form, 

137.  If  we  diminish  atmospheric  pressure,  welower  the  boiling 
1.'  nt.      When  the  barometer  is  at  2S  inches,  water  will  boil  at 
liiwer  temperature  than  when  il  isal  31  inches.      Water  under 
,  ein  atmospheric  pressure  boilsatSia'.     At  the  top  of  Mount  .w 
isbnc,  Saussiire  found  that  it  boiled  at  1S7^,  so  that  the  heishis  1^" 
of  iroanlains,   and  even   of  building,   may   be   calculated   by  '"! 
reference   to   the   temperature  at  which  water   boiJs  upon  their  i«r. 
raminits.     The  Reverend  Mr  Wollaslon  has  described  to  the 
R'jyal  Society  the   method  of  constructing  a    thermometer  of 
v!ceme  delicacy,  applicable  to  these  purposes. — PhU.  Tranx. 
■  >\T.     In    the  vacuum  of  an  air  pump,  fluids  boil   at  lempera- 
i.jres  considerably  below  their  ordinary  boiling;  points.     Water,  ^' 
for  eMmple,  which   has  bi;cn   removed  from    the  fire,  and   has 
cnsed  to    boil,    has   its   ebullition    renewed    when   it  is  placed 
under  a  receiver,  the  air  of  which   is  quickly  exhausted    by  an 
lir-pump.      Alcobbl  and  ether,  confined  under  an  exhausted  re-  ^^ 
cciver,  boil  violently  at  the  temperature  of  the  atmosphere. 

13S.  The   following  apparently  paradoxical  experiment  also 
iliufiraies  the  influence  of  diminished  pressure  in  facilitating  du 
I  jullilion.     Insert  a  stopcock  securely  into  the  neck  of  a  Flor-  I'.', 
n-je  fljsk,  fig.  IS,  containing  a  little  water,  and   beat   it  over  a  "'■■ 
^jiiip  till  the  water  hoils,  and  the  steam  freely  escapes  by  the 
upen  slop-cock  ;  then  suddenly  remove  the  lamp  and   close  the  ^'* 
cock.     The  water  will  soon  cease  to  boil ;  but  if  plunged   into 
>  Te««l   of   cold   water  ebullition   instantly   recommences,  but 
eeues  if  the    (la^k    be  held  near  the  lire  :   the   vacuum   in  this 
use  bein^  produced  hy  the  condensation  of  the  steam.  — . 

139.  Under  increased  pressure  on  the  contrary,  fluids  require  f.i.at\-«< 
I  b^cr  lempcrature  to  produce  their  ebullition,  as  may  he  shown  '%^t«T^t- 
bjr  the  following  experiments,  fig.  39.  a  is  a  strong  brass  globe,  -^^ 
composed  of  two  hemispheres  screwed  together  with  flanches; 
aportioo  of  quicksilver  is  introduced  into  it,  and  il  is  then  about 
b>lf  filled  with  water.  £  is  a  barometer-tube  passing  through 
liteam-tighc  collar,  and  dipping  into  the  quicksilver  .it  the  bot- 
tom of  the  globe,  f  is  a  thermometer  graduated  to  about  400°, 
ind  «I*o  passing  through  an  air-tight  collar.  ^  is  a  stopcock,  and 
*a  large  spirit  lamp.  The  whole  is  supported  upon  the  brass 
frtme  aod  stand  y^  Upon  applying  heat  lo  this  vessel,  the 
Hopcock  being  closed  .-is  soon  as  the  water  boils,  it  will  be  found 
thtl  the  temperature  of  the  water  and  its  vapour  increases  with 
111*  pressure,  which  is  measured  by  the  ascent  of  the  mercury 
n  iBc  barometer-tube.     The  thermometer  under  atmospheric 


pressure  being  at  213°,  will  be  elevated  to  217°  under  a  pressure 
d(  five  inches  of  mercury,  and  to  242°  under  a  pressure  of  30 
inches,  or  thereabouts  ;  each  inch  of  mercury  prodiicinc  by  ill 
pressure,  a  rise  of  about  1°  in  the  thermometer.  The  barome- 
ter-tube also  serves  the  purpose  of  a  safety-valve,  the  stren^tb 
of  the  brass  globe  being  such  as  to  resist  a  greater  pressure  than 

I tjial  of  one  atmosphere. 

.,.  ^~~'  140.  The  conversion  of  a  liquid  into  vapour  is  always  attend- 

'lohr  ed  with  great  loss  of  thermomelric  heat;  and  as  liquids  may  be 

*  ""■    regarded   as  compounds  of  solids    and  boat,  so  vajjours  may  be 

considered    as  consisting  of  a  similar  combinjtion  of  heat  with 

liquids  :  in  other  words,  a  ^reat  quantity  of  heat  becomes  latent 

during  the  formation  of  vapour. 

Moisten  a  thermometer  with  alcohol,  or  wllh  clber,  aod  ex- 
pose it  to  the  air,  repeating  these  operations  allernalely.  The 
mercury  of  the  thermometer  will  sink  at  each  exposure,  be- 
cause the  volatile  liquor,  during  the  evaporation,  robs  it  of  ill 
heat.  In  this  way,  [especially  with  the  aid  of  an  apparatus,  de- 
scribed by  Mr  Cavallo,  in  the  Philosophical  Transactions,  1761, 
p.  509,)  water  may  be  frozen,  in  a  thin  and  small  glass  ball, 
by  means  of  ether.  The  same  effect  may  be  obtained,  also,  by 
immersing  a  tube,  containing  water  at  the  hottom,  in  a  glass  of 
ether,  vvhich  is  to  be  placed  under  the  receiver  of  an  air  pump ; 
or  the  ether  may  be  allowed  to  float  on  the  surface  of  the  water, 
During  the  exhaustion  of  the  vessel,  the  elher  will  evaporate 
rapidly,  and,  robbing  the  water  of  heat,  will  coni])leiely  freeze 
il ;  thus  exhibiting  the  singular  spectacle  of  two  fluids  in  coa- 
taet  with  each  other,  one  of  which  is  in  the  act  of  boiling,  and 
the  other  of  freezing,  at  the  same  moment. 

By  a  lilEle  modihcation  of  the  experiment,  mercury  itself, 
I'Tf"  which  requires  for  congelation  a  temperature  of  almost  40°  below 
i,ii.*^jlj,f  Fnlirenlieit,  may  be  frozen,  as  was  first  shown  by  Dr  Marcet, 
I  A  conical  receiver,  fig.  54,  open  at  ihe  top,  is  placed  on  tht 
plate  of  an  air-pump,  and  a  small  tube  with  a  cylindrical  bulb 
at  its  lower  end,  is  suspended  within  the  receiver,  through  iht 
aperture,  by  means  of  a  brass  plate,  perforated  in  its  centre, 
and  fitting  the  receiver  air-tighl,  when  laid  upon  its  open  neck 
The  tube  passes  through  this  plate,  to  which  it  is  filled  by  s 
leather  adjustment,  or  simply  by  a  cork  secured  with  sealing  wax 
The  bulb  is  then  wrapped  up  in  a  little  cotton  wool,  or,  whai 
is  heller,  in  a  small  bag  of  fine  fleecy  hosiery,  in  which  a  smal 
spirit  thermometer  graduated  below  -10°  Fahrenheit,  may  alai 
be  included,  and  after  being  dipped  into  sulphuret  of  carbon  oi 
ether*  the  apparatus  is  quickly  placed  under  the  receiver,  whici 
is  exhausted  as  rapidly  as  possible.  In  two  or  three  minutes 
the  temperature  sinks  to  about  45°  below  0,  at  which  niomen 
the  quicksilver  in  the  stem  suddenly  descends  with  great  ropid 
ity.     if  it  be  desired  to  exhibit  the  mercury  in  a  solid  sUU 
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conmon  tubes  may  be  used,  which  have  originally  been  about 
an  inch  in  diameter,  but  have  been  flattened  by  pressure,  when 
softened  by  the  blow-pipe.  The  experiment  succeeds,  when 
the  temperature  of  the  room  is  as  high  as  +  40^  Fahrenheit. 

H.  126.  i 

Immerse  a  thermometer  into  an  open  vessel  of  water  placed 
over  a  lamp.  The  quicksilver  rises  to  212°,  the  water  then  ^'^ 
boik,  and  although  the  source  of  heat  remains,  neither  the  wa- 
ter nor  the  steam  acquire  a  higher  temperature  than  212°;  the 
heat  then  becomes  latent,  and  is  consumed  in  the  formation  of 
iteam.     . 

141.  To  ascertain  the  absolute  loss  of  thermometric  heat  in 
this  case,  Dr  Black  instituted  the  following  experiments  :  he 
noted  the  time  required  to  raise  a  certain  quantity  of  water 
to  its  boiling  point ;  he  then  kept  up  the  same  heat  till  the 
whole  was  evaporated,  and  marked  the  time  consumed  by  the 
process ;  it  was  thus  computed  to  what  height  the  temperature 
would  have  risen,  supposing  the  rise  to  have  gone  on  above 
212%  in  the  same  ratio  as  below  it ;  and  as  the  temperature  of  the 
steam  was  the  same  as  that  of  the  water,  it  was  fairly  inferred 
that  all  the  heat  above  212°  was  essential  to  the  constitution  of 
aqueous  vapour.  Dr  Black  estimated  this  quantity  at  about  enum^l^^o/ 
810**;  that  is,  the  same  quantity  of  heat  which  is  required  for  !•**"*  "'*'"*' 
the  total  evaporation  of  boiling  water  at  212°  would  be  sufficient  v.poun. 

to  raise  the  water  810°  above  its  boiling  point,  or  to  1022°  had 
it  continued  in  the  liquid  state.  There  are  other  means  of  as- 
certaining the  latent  heat  of  steam  which  lead  us  to  place  it 
between  900°  and  1000°.      B.  >      , 

142.  The  following  table  of  the  latent  heat  of  steam  and  some 
other  vapours  is  extracted  from  a  paper  in  ihe ^Philosophical 
Transactions  for  1818,  by  Dr  lire. 

Vapour  of  Water  at  212°  .  .  .     967°,00 

Alcohol 442 ,00  ,,T:^:;:;:!;: 

Ether 302  ,38  Sn.^^r'pr 

Petroleum 177  ,S7  tie 

Oil  of  Turpentine  .  1 77  ,87 

Nitric  acid 531  ,99 

Liquid  Ammonia  .  837  ,28 

Vinegar 875  ,00 

143.  When  steam  is  again  condensed,  or  when  vapours  re- 
assume  the  liquid  state,  their  latent  heat  becomes  sensible;  and     i"i<n^»"^>'t 
10  this  way  it  is  obvious  that  a  small  quantity  ot   steam  will,  »ibk-. 
during  its  condensation,  communicate  heat  sufficient  to   bull  a 

lar^  quantity  of  water. 

The  small  boiler,  represented  in  fig.  52y  taken  from  Dr  Hex-  i»i.:r. 
ry's  Elements  of  Chemistry ^  may  be  conveniently  employed 
in  experiments  on  the  latent  heat  of  steam. 

For  this  purpose  the  tube  e  must  be  screwed  on  the  stop- 
cock bj  and  immersed  into  the  glass  of  water/.     The  cock  c 


being  cioscd,  llie  sleam  arisine  from  llie  boilinj;  water  a  will 
pnss  inio  ihe  colli  watery,  llie  remperatiire  of  which  will  be 
much  au};mcnte(l  by  ila  coiidedsaiion.  Asceriuin  the  increaae 
of  Icmperoture  otut  wcighl.and  the  result  will  show  how  much 
a  given  weight  of  wuier  has  had  its  temperaUire  raised  by  ■ 
certain  weii^ht  of  comiensed  sleam.  To  another  quanlity  of 
waler,  of  the  aapie  weight  and  temperature  as  that  in  the  jar  at 
Ihe  outset  of  the  cxperiniunt,  add  a  quantity  of  water  at  212% 
equal  in  \vei,£;ht  to  the  condensed  sleam  ;  it  will  be  found,  on 
coinparinf^  the  resulting  temperatures,  that  a  pven  weight  of 
Kteam  hiis  produced,  h_v  its  condensation,  a  nuch  p;reater  eleva- 
tion of  lem|)crature  than  the  same  quantity  of  boiling  water. — 
H.  1.  11^9. 
nmicJ""  ^^^-  ^^'^  lar^  quanlity  of  heat,  latent  in  sleam  render*  ill 
.ici.n.  application  extremi-ly  useful  for  practical  purposes.  Thus  wa- 
ler may  be  healed,  ;it  a  ronsirlerable  distance  from  the  conduiil- 
in^  pipe  e  fi.i-  52,  This  furnishes  us  with  a  commodious  melhod 
of  warming  the  waler  of  baths,  which,  in  certain  cases  of  disease, 
it  is  of  importance  to  have  near  the  patients  bed-room  ;  for  the 
boiler,  in  which  the  water  is  heated,  may  thus  bo  placed  on  Ihe 
ground-floor,  or  in  ihe  cellar  of  a  house  ;  and  the  sleam  convey- 
ed by  pipes  into  an  upper  apartment.  Sleam  may  also  be 
applied  to  the  ])Urpose  ol  healing  or  evaporating  water,  by  i 
niodificalion  of  the  apparatus.  Fig.  52,  g  represents  the  appa- 
ratus for  boiling  water  by  the  condensation  of  steam,  without 
adding  to  its  quantity  ;  a  circumstance  occasionally  of  consider- 
able importance.  The  steam  is  received  between  Ihe  vessel, 
which  contains  the  water  to  be  healed,  and  an  exterior  case ;  it 
imparts  its  caloric  to  the  water,  through  the  substance  of  the 
vessel ;  is  thus  condensed,  and  returns  to  the  boiler  by  the  per- 
pendicular pipe.  An  alteration  of  the  form  of  the  vessel  adapts 
it  to  evaporation  (fig.  52,  A)  This  method  of  evaporation  is 
admirably  soiled  to  the  concentration  of  liquids,  that  are  decom- 
posed, or  injured  by  a  higher  temperature  tbSn  that  of  boilinf; 
L water,  such  as  medicinal  extracts  ;  to  the  drying  of  precipitates, 
fcc  In  the  employment  of  either  of  these  vessels,  it  is  expedi- 
ent to  surround  it  with  some  slow  conductor  of  heat.  On  a 
small  scale  a  few  folds  of  woollen  cloth  arc  sufGcicnt :  and  when 
the  vessel  is  constructed  of  a  larpie  size  for  practical  use,  ihis  pur- 
pose is  served  by  the  brick  work  in  which  it  is  placed.*  H.l.  135. 
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145.  In  breweries  and  other  manufactories,  where  lar^^e  quan- 
tities of  warm  and  hoiiine;  water  arc  consumed,  it  is  frequently 
heated   by  thus  conveyin«^  steam  into  it,  or  hy  suficring  steam- 
pipes  to  traverse  the  vessels  or  by  employing  double  vessels,  a 
plan  adopted  with  particular  advantage  in  the  laboratories  at 
Apothecaries  Hall.     Where  a  higher  temperature  than  212°.  is  thiipnmfrty 
required  it  is  necessary  to  employ  steam  under  adequate  pres-  ll^^T o(  'uT 
sore,  and  a   very  ingenious   means  of  producing  high  pressure  •**"''  "** 
steam  for  this  purpose  has  been   contrived  by  Messrs  J.  and  P. 
Taylor,  and  applied  by  them,  upon  a  very  large  scale,  at  Whit- 
bread  and  Go's  brew  house.  ' — j 

146.  The  perfect  transparency  of  steam,  and  also  two  other  ^^••"»  '• 
important  properties,  on  which  depends  its  use  as  a  moving 
power,  viz.  its  elasticity  and  its  condensibility  by  a  reduced  tem-. 
perature,  are  beautifully  shown  by  a  little  apparatus  contrived  by 

Dr  WoUaston.  It  consists  of  a  glass  tube  fig.  35,  about  6  inches  pi.  ?. 
long  and  |  inch  bore,  as  cylindrical  as  possible,  and  blown  out  a 
little  at  the  lower  end.  It  has  a  wooden  handle,  to  which  is 
attached  a  brass  clip  embracing  the  tube  ;  and  within  is  a  piston, 
which,  as  well  as  its  rod,  is  perforated,  as  shown  by  the  dotted 
lines.  This  canal  may  be  occasionally  opened  or  closed  by  a 
screw  at  the  top :  and  the  piston  rod  is  kept  in  the  axis  of  the 
cylinder  by  being  passed  through  a  piece  of  cork  fixed  at  the 
top  of  the  tube.  When  the  instrument  is  used,  a  little  water  is 
put  into  the  bottom ;  the  piston  is  then  introduced  with  its 
aperture  left  open ;  and  the  water  is  heated  over  a  spirit  lamp. 
The  common  air  is  thus  expelled  from  the  tube,  and  when  this 
may  be  supj)Osed  to  be  effected,  the  aperture  in  the  rod  is  clos- 
ed by  the  bcrew.  On  applying  heat,  steam  i^  produced,  which 
drives  the  piston  upwards.  On  immersing  the  bulb  in  water, 
or  allowing  it  lo  cool  spontaneously,  a  vacuum  is  produced  in 
the  tube,  and  the  piston  is  forced  downwards  by  the  weight  of 
the  atmosphere.  These  appearances  may  be  alternately  produc- 
ed by  repeatedly  healing  and  cooling  the  water  in  the  ball  of 
the  instrument.  In  the  original  steam  engine,  the  vapour  was 
condensed  in  the  cylinder,  as  it  is  in  the  glass  tube  ;  but  in 
the  engine  as  improved  by  Mr  Watt,  the  steam  is  pumped  into 
a  separate  vessel,  and  there  condensed  ;  by  which  the  loss  of  » 
heat,  occasioned  by  cooling  the  cylinder  every  time,  is  avoided. 

M7.   Liquids  assume  the  aeriform  state  much  more  rapidly  n^^ju^.ti^^ bl- 
under a  diminished  pressure,  especially  if  the  vapour  which  is  leini-fiajui^ 
lormed   be  condensed    as  soon  as  it  is  produced,  so  as  to  main-  tioa. 
tain  the  vacuum  ;  and  the  cold  produced  is  very  great. 

On  this  principle   depends   Mr  Leslie's   new  and    ingenious  Mr  Leslie;* 
mode  of  freezing  water,  in  an  atmosphere  of  any  common  tem-  "^^'^''" 
perature,  by  producing  a  rapid  evaporation  from  the  surface  of  i*^"^- 
the  water  itself.     The  water  to  be  conurealed  is  contained  in  a 
shallow  vessel,  which  is  supported  above  another  vessel,  con- 
tajning  strong  sulphuric  acid,  or  dry  muriate  of  lime  ;  or  even 
dried  garden  mould  or  pnrchcd  oatmeal.     Any  substance,  in- 
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deed,  that  powerfully  allracta  moisture,  may  be  applied  to  this 
purpose.  Ttie  whole  Is  covered  by  the  receiver  of  an  air-pump, 
which  is  rapidly  exhausted  ;  and  as  soon  as  this  is  effected,  crys- 
tals of  ice  begin  to  shoot  in  the  water,  and  a  considerable 
quantity  of  air  makes  its  escape,  after  which  the  whole  of  the 
water  becomes  solid.  The  rarefaction  required  is  to  about  100 
times;  but'to  support  congelation,  after  it  has  taken  place,  20 
or  even  10  times  are  sufficient.  The  sulphuric  acid  becomei 
very  warm  ;  and  it  is  remarkable,  that,  if  the  vacuum  be  kept 
up,  the  ice  itself  evaporates.  In  five  or  six  days,  ice  of  an  inch 
in  thickness  will  entirely  disappear.     The  acid  continues  lo  set, 

rtill  it  has  absorbed  an  equal  volume  of  water. 
An  elegant  manner  of  making  the  experiment  is  to  cover  the 
vessel  of  water  (lig.  15,  a)  with  a  plate  of  melal  or  glass,  fixed  to 
the  end  of  a  sliding  wire  b,  which  must  pass  through  the  neck 
of  the  receiver,  and  be,  at  the  same  time,  air  light,  and  capable 
of  being  drawn  upwards.  When  the  receiver  is  exhausted,  the 
water  will  continue  fluid,  till  the  cover  is  removed,  when,  id 
less  than  five  minutes,  needle-shaped  crystals  of  ice  will  shoot 
I  through  it,  and  the  whole  will  soon  become  frozen. 
t — "  In  this  interesting  process,  if  it  were  not  for  the  sulphuric 
acid,  an  atmosphere  of  aqueous  vapour  would  fill  the  receiver; 
and,  pressing  on  the  surface  of  the  water,  would  prevent  the 
I'urther  production  of  vapour.  But  the  steam,  which  rises,  be- 
ing condensed  the  moment  it  is  formed,  the  evaporation  goes 
on  very  rapidly,  and  has  no  limits  but  the  quantity  of  the  water, 
and  the  diminished  concentration  of  the  acid." 

14S.  It  is  on  the  same  principle,  thai  the  instrument  invent- 
iVoiisi  cd  by  Dr  Wollaston,  and  termed  by  him  the  Cryophorus,  or 
-ij"-  Froslbearer,  is  founded.  It  may  be  formed  by  taking  a  glass 
lube  fig.  20,  having  an  internal  diameter  of  about  |th  of  an  inch 
the  lube  being  hentloa  right  angle  at  the  distance  of  half  an 
inch  from  each  ball.  One  of  these  balls  should  be  about  Jd 
filled  with  water,  and  the  other  should  be  as  perfect  a  vacuum 
as  can  readily  be  obtained,  the  mode  of  effecting  which  is  well 
known  to  those  accustomed  to  blow  glass.  One  of  the  balls  is 
made  lo  terminate  in  a  capillary  tube  ;  and  when  the  water  in 
the  other  ball  has  been  hotled  over  a  lamp  a  considerable  time, 
till  all  the  air  Is  expelled,  the  capillary  extremity,  through 
which  the  steam  Is  still  issuing  with  violence,  is  held  in  the  Bame 
of  Ihe  lamp,  till  the  force  of  the  vapour  is  so  far  reduced,  that 
the  heat  of  the  flnme  has  power  to  seal  it  hermetically. 

When  an  instrument  of  this  kind  is  well  prepared,  if  the 
empty  ball  be  immersed  in  a  mixture  of  snow  and  salt,  the  wa- 
ter in  the  other  ball,  though  at  the  distance  of  two  or  three 
feet,  will  be  frozen  solid  in  the  course  of  a  very  few  minutes. 
The  experiment  may  be  rendered  even  more  striking,  if 
performed  according  to  Dr  Marcel's  modification  of  it :  the 
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CBiptj'  ball  covered  with  a  IJiile  moiat  flannel,  is  la  be  stispcnd- 

•Im  the  manner  sliown  in   Cis-  17,  within  a  receiver,  over  a  f 

Teasel  of  strong  sulphuric  acid,  and  the  receiver  is  then 

[haustcd.     In  both  cases  the  vapour  in  the  empty  bull  is 

by  the  common  operation  of  cold;  :ind  the  vacuum 

by   this  coodensation    gives  opportunity   for  a  fresh 

^■ntity  to  arise  from  the  opposite   ball,  with  a  proportional 

nductiun  of  the  temi)erature  of  iu  contents.    II.  1 35. 

149.  In  many  natural  operations  the  conversion  of  water  into 
vapour,  and  the  condensation  of  vapour  in  the  form  of  dew  and 
rain,  b  a  process  of  the  utmost  importance,  and  [ends  consider- 
ably to  the  equaliz.atioo  of  temperature  over  the  sjlobe. 

150.  Nothing;  is  known  of  the  nature  or  cause  of  heat.     It  r 
has  been  by  some  considered  as  a  peculiar  fluid,  to  which  the  "' 
krm  Caloric  has  been  applied  ;  and   many  phenomena  nrc  in 
brour  of  the  esistcnce  of  such  a  fluid.     By  others,  the  phenom- 
ana  above  descrihed  have  been  referred  to  a  vibratory  motion  * 
af  the  particlesof  matter,  varying  in  velocity  wilh  the  perceived  " 
intensity  of  the  heal.     In  fluids  and  gases  the  pnrtirles  are  con- 
ceived to  have  a  motion  round  their  own  axes,     TemjKralure, 
thcrsforc,  would   increase  with  the  velocity  of  the  vibrations; 
and  increase  of    enpactly  would  be  produced  by   the  motion 
bein^  performed  in  greater   space.     The  loss  .of  lemperntnre, 
during  the  chnngeof  solids  into  li(]uidsand  gases,  would  depend 
upon  loss  oi  vibratory  motion,  in  consequence  of  the  acquired 
rotatory  motion. 

Upon  the  other  hypothesis,  temperalnre  is  referred  to  the 
gtiantity  oj"  caloric  present;  and  the  loss  of  temperature,  nhich 
happens  when  bodies  change  their  slate,  depends  upon  the 
chemical  combination  of  the  caloric  with  the  sold  in  the  case 
of  liquefaction,  and  wilh  the  liquid  in  the  case  of  conversion 
into  the  aeriform  state.     B. 


Section  IV.     0/  Light. 

151.  The  minute  investigation  of  those  laws  of  light  which 
relate  to  its  motion,  and  eSects  In  producing  vision,  constitutes 
abnoch  of  the  science  of  Optics,  and  therefore  belongs  lo  Me- 
chanical Philosophy  ;  it  is  however  requisite  that  some  of  them 
^ould  partblly  be  considered  as  bearing  upon  important  ques- 
tions of  chemical  inquiry. 

The  phenomena  of  vision   are  produced  either  by  bodies  in-  ,-,,!„. 
kereotly  luminous,  such  as  the  sun,  the  fixed  st.irs,  and  incan- 
descent substances  ;  or  they  arc  referable  lo  the  rrjleclion  of 
%hi  from  tlic  surfaces  of  hoiiies. 

152.  The  manner  in  which  the  eye  Is  aSected  by  luminous  Mtbio 
bodies  shoiTs  that  light  is  transmitted  in  right  lines,  and  evci-y  j^^;^;. 


riglil  line  drawn  from  a  luminous  body  to  the  eye  is  termed  a 
ray  of  light,  and  aa  a  congeries  of  rays  possesses  the  same 
properties  as  the  single  ray,  the  same  abstract  term  is  frequently 
employed  to  desi(;;nate  the  cona;eries. 

153.  Newlon  first  discovered  that  certain  bodies  exercise  on 
lufneiiDD.    light  a  peculiar  attractive  force.     When  a  ray  passes  obliquely 
from  air  into  any  transparent  liquid  or  solid  surface,  itundergoes 
at  entrance  an  angular  flexure,  which  has  been  palled  refraction. 
U,  546.     The  refraction  is  towards  the  perpendicular  when  the 
ray  passes  into  a  denser  medium,  and  from  the  perpendicular 
when  it  passes  into  a  rarer  medium,     The  medium  In  which  the 
rays  of  light  are  caused  to  approach  nearest  to  the  line  perpen- 
dicular to  Its  surface,  Is  said  to  have  the  greatest   refractive 
density. 
Refn.«ir«        154.  It  wos  fouud  by  Ncwlon,  that  unctuous,  or  inflammable 
^""i.tlio"'"   bodies  occasioned  a  greater  deviation  in  the  luminous  rays  than 
bodici.  their  attractive  mass,  or  density  gave  reason  to  expect.      Hence 

he  conjectured,  that  both  diamond  and  water  contained  combus- 
tible matter.  U.  546. 
ST.,  be  .iicd       155.  The  refractive  power  of  the  same  inflammable  substance 
^*e^  J'uni)"'  bears  a  proportion  lo  its  perfection,  insomuch  that  this  properly 
may  be  used  as  a  test  of  its  purity.     Thus  Dr  Wollaston  found 
that  genuine  oil  of  cloves  has  a  refractive  power  of  1,535,  while 
that  of  an  inferior  quality  did  not  exceed  1,408. 
Rtfnciir.  156.  The  density  of  bodies  is  not  the  only  circumstance  that 

PlniioDiiif  affects  their  refractive  power  ;  it  also  depends  on  their  cheoii- 
^jra^li'i'lt'i  ^^^  nature,  and  from  the  refractive  power  of  bodies  we  may 
u  aciuiiy.     in  many  cases  infer  their  chemical  constitution. 

Hiifnii^iivt  ^57.  The  refractive  power  of  compounds  is  not  the  mean  de- 
r""""'"'"'-  duced  from  that  of  iheir  components;  which,  however,  it  gen- 
mf«orii.!.°  erally  is  in  mere  mixtures. 

ti'iilicnu. "?' — The  following  table  exhibits  the  refractive  powers  of  several 
gaseous  and  solid  bodies  ;  from  the  experlmeuts  of  Biot  aad 
Arygo  and  from  Newton's  Optics. 


Atmospheric   air  .  .  .   1,00000 

Carbonic  acid 1.00476 

Nitrogen 1,03408 

Muriatic  acid  gas  .  .  .   1.19625 

Oxygen 1,86161 

Carburcltcd  hydrogen  2,09270 
Ammonia 3,16851 


Hydrogen 6,61136 

Muriatic  ether, gaseous  1,71 344 

Water     1,7225 

Gum  arable I,S8S6 

Alcohol    3,2223 

Olive  oil 2,7684 

Diamond     3,1961 


From  this  it  appears  that  the  combustible  gases  surpass  the 
others  in  this  property,  and  that  hydrogen  gas  exceeds  them 
all. 

15S.  When  the  rays  of  light  arrive  at  the  surfaces  of  bodies, 
a  part  of  them,  and  sometimes  nearly  the  whole,  is  thrown  back, 
or  reflected,  and  the   more   obliquely  the  light  falls  upoa  the 


S!frfacG,  the  greater  in  genera)  is  ihe  reflected  portion.     In  these 
cues  the  angle  of  reflection  is  always  equal  to  the  angle  of  inci- 

l*t  a  a  represent  pencils  of  light  falling  upon  the  surface  of 
1  polished  piece  of  glass  b,  the  perpendicular  pencil  will  pass 
on  in  a  straight  line  to  d.  Uf  the  ohiiquo  pencil,  one  portion 
will  enter  the  glass  and  suffer  refraction  towards  the  perpen- 
dicular as  at  b,  and  re-entering  the  atmosphere,  it  will  hend  from 
the  perpendicular,  and  re-assume  its  former  direction,  as  at  c. 
Aoolher  portion  of  the  oblique  pencil  will  be  reflected  at  on 
logle  equal  to  that  of  its  incidence,  as  at  e. 
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iSff.  Wben  ■  ray  or  light  passei  ihroagh  an  oblique  angular 
crystalline  body,  it  exhibits  peculiar  phenomena ;  one  portion 
is  refracted  in  the  ordinary  way;  another  suffers  extraordinary 
refraction,  in  a  plane  parallel  to  the  diagonal  joining  the  two 
obtuse  angles  of  the  crystal ;  so  that  objects  seen  through  the 
crystal  appear  double.  Transparent  rhomboids  of  carbonate  of 
lime,  or  Iceland  crystal,  exhibit  this  phenomenon  of  double  ^ 
rtfraction  particularly  distinct. 

If  a  ray  of  light,  which  has  thus  suffered  double  refraction, 
be  received  by  another  crystal,  placed  parallel  to  the  first,  there 
will  be  no  new  division  of  the  rays;  but  if  it  be  placed  in  a 
transverse  direction,  that  part  of  the  ray  which  before  suffered 
ordinary  refraction  will  now  undergo  extraordinary  refraction,  o 
and  reciprocally  that  which  underwent  extraordinary  refraction  '^ 
DOW  suffers  ordinary  refraction. 

If  the  second  crystal  be  turned  gradually  round  in  the  same 
plane,  when  it  has  made  a  quarter  of  a  revolution  there  will  be  ^ 
four  divisions  of  the  ray,  and  they  will  be  reduced  to  two  in  the  „| 
half  of  the  revolution  ;  so  that  the  refracting  power  appears  to  ^^ 
depend  upon  some  relation  of  the  position  of  the  crystalline  par- 
ticles. 

160.  When  light  is  reflected  from  bodies,  it  retains,  under 
many  circumstances,  its  former  relations  to  the  refractive  power 
of  transparent  media  ;  but,  in  certain  cases,  at  angles  diOeriRg    / 


patOclet. 


I       Tor  different  substances,  the  reflected  rays  exhibit  peculiar  prop- 
'        erties,  analojious  to  those  which  have  siiflcred    extruordinary 
refraction.     Thus,  if  ihe  flame  of  a  lapcr  reflected  at  an  angle 
of  52"  45'  from  the  surface  of  water,  be  viewta)  through  a  piece 
of  double  rcfractinj;  spar,  one  of  the  imn<tcs  will   vaaisll  every 
lime  that  the  crystal  makes  a  quarter  of  a  revolution. 
oili«i'oB''^      161.  When  a  ray  of  light  is  maiJe  to  fnll  upon  a  polished 
u  ih.:  u>;i«  glass  surface,  at  an  angle  of  incidence  of  35°  25',  the  an;rle  of 
"ci»a.  i^flgg^iQ^  i^j]]  ^^  equal  to  that  of  incidence.     Let  us  suppose 
another  plate  of  ^lass  so  placeil  tljai  the  reflected  ray  will  fall 
upon  it  at  the  same  angle  of  35°  25';  this  second  plate  may  be 
turned  round  its  aitis  without  var3'iii^  ihe  an^le  which  it  makes 
rt.^ce°"frt^  with  the  ray  that  falls  upon  it.     A  very  curious  circumstance 
""""'■"o,"    is  observed  as  this  second  glass  is  turned  round.     Suppose  the 
dijjkIii.         two  planes  of  reflection  to  be  parallel  to  each  other,  in  that  case 
the  ray  of  light  is  reflected  from  the  second  glass  in  the  same 
manner  as  from  the  first.     Let  the  second  filass  be  now  turned 
round  a  quadrant  of  a  circle,  so  as  to  make  the  reflecting  planes 
perpendicular  to  each  other  :  now,  the  whole  of  the  ray  will 
pass  through  Ihe  second  glass,  and  none  of  it  will  be  reflected. 
Turn  the  second  glass  round  another  quadrant  of  a  circle,  so  as 
to  make  (he  reflecting  planes  again  parallel,  and  the  ray   will 
again  be  reflected.     When  the  second  glass  is  turned  round, 
three  quadrants,  the  light  will  be  again  transmitted,  and  none 
of  it  reflected.     Thus,  when  the  reflecting  planes  are  parallel, 
the  light  is  reflected,  but  when  they  are  perpendicular  ihe  light 
is    transmitted.     This  experiment  proves,  thai,   under  certain 
circumstances,  light  can  penetrate  tiirougb  glass  when  in   one 
position,  but  not  in  another.     This  curious  fact  was  first  observ- 
ed by  Malus,  who  accounted  for  it  by  supposing  the  particles 
of  light  to  have  assumed  a  particular  position  as  a  needle  does 
when  urider  the  influence  of  a  magnet,  and  hence  he  called  this 
Poi.ni.iion    properly  of  light,  its  Polarisation.     (TuoMsnN's  St/sfem,  Vol. 
"  '''  '■        i.  p.   16  )     It  has  since  been  studied  with  laborious  diligence 
by  Dr  Brewster,  and  by  M.  M.  Arago  and  Hiol, — P/iU.  Trans. 
1813,  1814,  1815,  1816,  1617.— ^nnoles  fie  Chimie,tom.  94. 
Traits  de  Physiqve. 

163.  If  platen  of  mica,  and  certain  other  crystallized  sub- 
stances, be  placed  between  the  glasses  rmployed  in  the  ai>ove 
experiments,  so  that  the  reflected  rays  may  traverse  thetn  in 
passing  from  one  surface  to  llic  olher,  it  will  be  found  that  un- 
der certain  circumstances,  the  image  of  the  candle  will  remain 
visible  ;  in  other  words,  the  light  will  be  depolarised  in  passing 
through  the  crystallized  medium.  Common  glass  is  generally 
incapable  ofdcpolarising  the  ray.  but  it  acquires  the  depolarising 
power  when  submitted  to  pressure,  or  heated,  or  when  it  has 
been  heated  and  very  suddenly  cooled  ;  the  influence  of  its 
particles  upon  itiose  of  light  becoming  then  analogous  to  crys- 
tallized bodies. 

.  That  a  sunbeam,  in  passing  through  a  dense  medium, 


u 
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^nd  especially  lhrouB;h  ■  triangular  prism  of  glass,  ^ives  rise  la 
:i  t^ries  of  brilliaiil  tints  similar  to  those  of  Ihe  rainbow,  was 
inown  in  the  earlieai  ages,  butil  required  the  sa^ncily  of  New- 
ton to  U«velope  Llie  cause  of  the  phcnumenoa.  He  proved,  that 
^rtit  consists  of  rays  differing  from  each  other  in  iheir  relative 
rrfransibilities  ;  and,  guided  by  their  colour  considered  their  ''' 
-  ijT.ber  as  seven  :  red,  orange,  yellow,  green,  blue,  indigo, and  ''" 
!  let.  If  the  prismatic  colours,  or  spectrum,  be  divided  into 
ii  ')  et]Util  parts,  the  red  rays  wilt  occupy  Aa  of  these  parts,  the 
urangc  27,  the  yellow  18..  the  green  60,  the  hluc  liO,  the  indigo  40, 
Kti  the  violet  60.  Of  these  rays  the  red  being  least  r<.-rrangible» 
(»i\  nearest  ihal  spot  which  they  would  have  passed  to,  had  ihey 
mil  been  refracted  ;  while  the  violet  rays  being  most  refrangi- 
ble, are  thrown  to  ihe  greatest  distsDce  ;  the  intermediate  rays, 
po<s»]<  mean  degrees  of  rd'rangibilily. 

Iti-I.  These  differently  coloured  rays,  are  not  susceptible  of 
fuMhiT  ilecomposiiion,  by  any  number  of  refractions,  but  when 
Ibey  are  eollecletl  intu  a  focus  they  reproduce  white  light.     Up- 
6(1  these  phenomena  is  founded  the  Newtonian  theory  ui colours^      Nunoirt 
which  supposes  ibem  to  depend  upon  the  absorption  of  all  rays,  ih"'r<ir«- 
eteepting  those  of  the  colour  observed.     Thus  green   bodies 
nfleet  the  green  rays  and  absorb  the  others.     All  the  rays  are      i 
refleeled  by  while  bodies,  and  absorbed  by  those  which  are  black^^J 
165.  If  a  solar  beam  be  refracted  by  a  prism,  and  Ihe  coloureil^^^ 
iltaj^e  received  upon  a  sheet  of  paper  it  will  be  found,  on  mov- 
ing the  hand  gently  through  it,  that  there  is  an  evident  increase 
of  temperature  towards  the  red  ray.     This  fact  scorns  to  have 
been  first  noticed  by  Dr  liulton  {Disaertulion  on  Light  and 
Htat,  p.  39  ;)  but  it  is  to  Dr  Herschel  {Phil.  Tram.  ItOO,)  that 
ire  are  indebted  for  a  full  investigation  of  the  subjecl.     If  (he  |i,|„i,,„„ 
coloured  rays  be  thrown  successively  upon  delicate  thermome-  rni-«  of. 
lers,  it  will  be  found,  that  if  the  heating  power  of  the  violet  nft,''"'"' 
T»y*  be  considered  =  l(i,  that  of  the  green  rays  will  be  =  2l>, 
lod  of  the  red  =  55.     These  circumstances  suggested  the  possi- 
bilily  of  the  heating  power  of  the  spectrum  extending  beyond 
the  red  ray  ;  and  on  applying  a  thermometer  just  out  ofThe  red 
ny,  and   beyond  the  limils  of  the  visible  spectrum,  this  was 
found  to  be  the  case.     A  thetmomcter,  in  the  red  ray  rose  7°  in  ciariCbu 
l«a  minutes,  but  just  beyond  the  red  ray  the  rise  was  =  9°.     It  "'.tijfij'*; 
is  evident,  therefore,  that,  independent  of  the  illuminating  rays,  ii«  [>«■»■ 
Jlhere   are  others  which  produce  increase  of  temperature,  and 
from  their  increase  towards  the  red  ray,  and  from  the 

which  ibey  principally  occupy  in  the  refracted  congeries, 
»»es»ed  of  less  refrangihiiily  tlian  the  visible  rays. 
Uerschet's  experiments  were  repealed,  with  nearly  similar  r.iiwmiul 

lt»,  by  Sir  H.  Englefield,  in  1802,  and  by  Mr  Berard,  in  "X"™ 
(Thomsok's  ^nnvls,  ii,  163,)  who  found  the  maximum  of  J^j'^jlfj^^"' 

lo  exist  just  at  the  extremity  of  the  red  ray. 

hat  these  colorific  rays  are  susceptible  of  refraction  a 
,  U  proved  by  Ihe  iuUnse  heat  produced  when  t 
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r«-  167.  Li|flit  possesses  considerable  influence  over  the  chemi- 
!flL  cal  energies  of  bodies.  If  a  mixture  of  equal  volumes  of  the 
1.^  gases  called  chlorine  and  hydrogen  be  exposed  in  a  dark  room, 
■"^  ihey  slowly  combine,  and  produce  muriatic  acid  {i;as  ;  but,  if 
exposed  to  the  direct  rays  of  the  sun,  the  combination  is  very 
rapid,  and  often  accompanied  by  an  explosion. 

Chlorine  and  carbonic  oxide  have  scarcely  any  tendency  to 
combine,  even  at  hig;h  temperatures,  when  light  is  excluded, 
but  exposed  to  the  solar  rays  they  enter  into  chemical  union. 
Chlorine  has  little  action  upon  water,  unless  exposed  to  light; 
and,  in  thai  ease,  the  water,  which  consists  of  oxygen  and  hy- 
drogen, is  decomposed.  Thehydrogen  unites  with  the  chlorine 
to  produce  muriatic  acid,  and  the  oxygen  iii  evolved  in  a  gaseous 
form, 

168.  These,  and  numerous  other  similar  cases  which  might  be 
adduced,  show  that  radiant  matter  influences  the  chemical  energies 
of  bodies,  independent  of  its  healing  powers.  Sebeele  (jSj;;jfr 
rifients  on  t^ir  and  Fire,  p.  73,  ^-c.)  was  the  first  who  entered 
upon  this  curious  investigation  ;  and  many  important  facts  con- 
nected with  it  have  been  more  lately  ascertained  by  Ritter, 
Wollaston,  and  Davy.  Scheele  threw  the  prismatic  spectrum 
upon  a  sheet  of  paper,  moistened  with  a  solution  of  nitrate  of 
silver,  a  salt  quickly  decomposed  by  the  agency  of  light.  In 
the  blue  and  violet  rays  the  silver  was  soon  reduced,  producing 
a  blackness  upon  the  paper,  but  in  the  red  ray  scarcely  any 
similar  effect  was  observed.  Wollaston  and  Ritter  discovered 
that  these  chemical  changes  were  most  rapidly  effected  in  the 
space  which  hounds  the  violet  ray,  and  which  is  out  of  the  vis- 
ible spectrum. 
;"°'  169.  It  has  been  thus  ascertained,  that  the  solar  beams  are 
I-  '  refrangible  into  three  distinct  kinds  of  rays  ;  the  calorijic,  or 
heating  rays  ;  the  luminous,  or  colorific,  rays,  which  produce 
vision  and  colour ;  the  decomposing  rays,  or  those  which  have 
a  tendency  to  interfere  with  the  chemical  constitution  of  bodies. 
"^■ij  In  Ibe  prismatic  spectrum  these  three  sets  of  rays  are  imper- 
.III"  feclly  separated,  and  arranged  according  to  their  respective  re- 
frangibilities.  The  heating  rays  are  the  least  refrangible,  the 
colorific  rays  are  possessed  of  more  refrangihilily,  and  the  de- 
composing, or,  as  some  have  called  them,  the  deoxidizing  rayi, 
arc  the  most  refrangible. 

170.  Sir  H.  Davy  has  observed,  that  certain  metallic  oxides, 
when  exposed  to  the  violet  extremity  of  the  prismatic  spectrum, 
undergo  a  change  similar  to  that  which  would  have  been  pro- 
duced by  exposure  lo  a  current  of  hydrogen  ;  and  that,  when 
b^.  exposed  lo  the  red  rays  they  acquire  a  tendency  to  absorb  oxy- 
''-  gen.  [Elements  of  Chemical  Philosophy.)  In  such  general 
■nd  facts,  he  traces  an  analogy  between  the  effects  of  the  solar  beam; 
'"■  and  the  agencies  of  electricity.      In  the  Voltaic   circuit,  Iho 
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maximum  of  heal  is  at  the  positive  pole,  where  the  power  of 
corobioing  with  oxygen  is  also  given  to  bodies  ;  the  agency  of 
reodering  bodies  inflammable  is  exerted  at  the  opposite  surface  ; 
aod  similar  chemical  effects  are  produced  by  negative  electricity, 
and  by  the  most  refrangible  rays;  and  by  positive  electricity, 
and  the  rays  which  are  least  refrangible. 

171.  It  has  been  asserted  by  Morichini,  and  the  experiment  r«7*!Jf  "ibi** 
is  said  to  have  succeeded  in  other  hands,  that  the   prismatic  •p^ctrum  ca- 
spectmm  is  capable  of  exciting  the  magnetic  influence,  and  that  c'tiu^  mi^- 
a  needle  exposed  to  the  violet  rays  acquires  polarity  :  this  would  ^^"^  ^**"" 
point  out  a  further  analogy  between  the  agencies  of  light  and 
electricity.     B. 

172.  Professor  Leslie  has  constructed  an  instrument,  called  a  PbotoaMtcr 
Phoiomeierj  on  the  principle  that  light,  in  proportion  to  its  **'^»"** 
absorption  produces  heat.      It  is  merely  a  very  delicate  and 

small  differential  thermometer,  enclosed  in  a  thin  and  pellucid 
glass  tube.  One  of  the  bulbs  is  of  black  glass,  which  when  the 
instrument  is  suddenly  exposed  to  light,  becoming  warmer  than 
the  clear  bulb,  indicates  the  effect  by  the  depression  of  the  fluid. 
(LssLiE  on  Heat  J  P.  424.)  A  differential  thermometer  con- 
taining the  vapour  of  ether,  may  also,  in  certain  experiments, 
be  advantageouslv  used  as  a  Photometric  Thermometer. — 
(Brahds,  Phil  trans.  1820.)» 

173.  In  nature  the  influence  of  the  solar  rays  is  very  complex.  Perfect  Teg«. 
and  the  growth,  colour,  flavour,  and  even  the  forms  of  many  amtl^t  th^'io. 
vegetables,  are  much  dependent  upon  them.  This  is  seen  in  uT^i^^^^  **" 
many  plants  which  are  protected  from  the  sun's  rays  :  celery 

and  endive  are  thus  cultivated  with  the  view  c  f  rendering  them 
palatablet;  and  plants  which  are  made  to  groy  in  a  room  im- 
perfectly illuminated,  always  bend  towards  the  apertures  by 
which  the  sun's  rays  enter.  The  changes  too  which  vegetables 
effect  upon  the  circumambient  atmosphere  are  influenced  by  the 
same  cause. 

In  the  animal  crcation,bril1iancy  of  colour  and  gaudy  plumage 
belong  to  the  tropical  climates  ;  more  sombrous  tints  distinguish 
the  polar  inhabitants  ;  and  dull  colours  characterize  nocturnal 
animals,  and  those  who  chiefly  abide  below  the  surface. 

174.  There  are  many  substances  which,  when  heated  to   a  Phcphore*- 

,    .  ...  ,•'.  'i^-i  •  i.«  cent  bodies. 

certain  point,  become  luminous  without  undergoing  combustion, 
aod  such  bodies  are  said  to  be  phosphorescent.  The  tempera- 
tures which  they  require  for  this  purpose  are  various  ;  it  gene- 
rally commences  at  about  400°,  and  may  be  said  to  terminate  at 
the  lowest  visible  redness.  Some  varieties  of  phosphate  of 
lime,  offluor  spar,  of  bituminous  carbonate  of  lime,  of  marble, 
and  sand,  and  certain  salts,  are  the  most  remarkable  bodies  of 
this  description.  (Wedgwood,  Phil.  Trans.  Vol.  82.)  Their 
luminous  property  may  be  bqst  exhibited  by  scatici  ing  them  in 
coarse  powder   upon  an  iron  plate  heated   nearly  to  redness. 

*  A  Mw  photometer  has  hero  described  by  %Ir  Ritchie.    See  Quarterly  J<mmaU  Vol.  19;  p.  399. 
tTheptoceM  Utrrmed  etiolation  oi  bUnchinf. 


Oil,  was,  spermaceti,  and  butter,  when  nearly  boiling,  are  also 

175.  Another  class  of  phosphorescent  bodies  have  been  term- 
SoW  Pboi-  ed  solar  pkosphori.  froni  becoming  luminous  when  removed 
^  °"'  into  a  dark  room  after  having  been  exposed  to  the  sunshine. 

Of  this  description  are  Canton's,  Baldwin's,  and  the  Bolognian 
'Lm'Tuui!      phosphorus.     Canton's  phosphorus  is  prepared  thus  : — Calcine 
oyster-shells  in  the  open  fire  for  half  an  hour,  then  select  the 
whitest  and  largest  pieces  and   mix  them  with  one  third  their 
weight  of  flowers  of  sulphur,  pack  the  mixture  closely  into  a 
covered  crucible,  and  heat  it  to  redness  for  an  hour.     When 
the  whole  has  cooled,  select  the  whitest  pieces  for  use. — Phil. 
Trans,  Vol.  5S. 
»rd"lhr"B"        Baldwin's  phosphorus  is  prepared  by  heating  nitrate  of  lims 
i<.r>'-ii  pi»i-  to  a  dull  red    heat,  so  as  to  form  it  into  a  compact  mass  :  and 
'    ™"  the  Bolognian  phosphorus,  discovered  by  Vincenzio  Cascariolp, 

a  shoemaker  of  Bologna,  is  made  by  reducing  compact  sulphate 
I  of  baryta  to  a  fine   powder,  which  is  formed   into  cakes   with 

'  mucilage,  and  these  are  heated  to  redness. — Aikin's  Diction- 

ary, Art.  Phospkori. 
wu.en.  ti-  t76.  Mr  B.  Wilson  has  also  made  a  variety  of  curious  experi- 
'"'"'""'*  mcnta  on  solar  phosphort ;  and,  he  has  discovered  the  simplest 
and  most  effectual  of  these  bodies,  which  may  be  obtained  by 
closely  observing  the  following  directions  : — Take  the  most 
flaming  coals  off  a  brisk  fire,  and  throw  in  some  thick  oyster- 
shells  ;  then  replace  the  coals,  and  calcine  them  for  an  hour; 
remove  them  carefully,  and,  when  cold,  it  will  he  found  that 
after  exposing  them  for  a  few  minutes  to  the  light,  they  will 
glow  in  tha  dark,  with  most  of.the  prismatic  colours. — Wiuon 
on  Pkosphori,  p.  20. 

177.  A  third  set  of  bodies,  belonging  to  this  class,  are  those 
*r"'"""""  which  are  spontatieoustt/ phosphorescent.  Such  are  especially, 
the  flesh  of  salt-water  fish  just  before  it  putrefies,  and  decayed 
wood.  The  glotc-toorm,  and  the  lantern-flt/.  are  also  lumin- 
ous when  alive  ;  and  the  hundred  legged  worm,  and  some  oth- 
ers, shine  brilliantly  when  irritated. 

It  appears  from  the  experiments  of  Canton  and  of  Dr  Hulme, 
{Phil.  TVfljw.  Vols.  lix.  xc.  and  xci.)  thatsea-fish  become  lumin- 
ous in  about  twelve  hours  after  death,  that  it  increases  till  putre- 
faction is  evident,  and  that  it  then  decreases.  Immersion  in  sei- 
waterdoes  not  affect  this  luminous  matter,  on  the  contrary,  the 
brine  is  itself  rendered  luminous;  but  it  is  cxtinguislied  by  pure 
water,  and  by  a  variety  of  substances  which  act  chemically  upon 
the  animal  matter. 
Lifhi  from  178.   Pereussion  and  friction  are  often  attended  by  the  evoln- 

F^ewe!"""    tion  of  light  as  when    flint  pebbles,  pieces  of  sugar,    and  other 
substances,  are  struck  or  rubbed  together. 

179.  From  experiments  in  which  air  has  been  intensely  heat- 
Gu>tiB»i»-  ed,  it  has  been  concluded  that  gaseous  matter  is  incapable  of 
j'jjYiniinola.  becoming  luminous ;  for,  though  the  temperature  of  air  be  such 


The  intensity  of  the  heat  of  flames  which  are  but  little 
s,  as  of  hydrogen  gas,  spirit  of  wine,  ^c,  may  be  shown 
iducinginto  them  some  fine  platinum  wire,  which  is  in- 
rendered  white  hot  in  those  parts  where  the  combustion 
perfect.     It  is  even  intensely   ignited  in  the  current  of  Height  ami 
e  the  flame,  as  may  be  shown   by   holding  a  piece  of  of"flarae"'* 
a  wire  over  the  chimney  of  an   Argand  lamp  fed  with 
'  wine ;  the  high  temperature  of  this  current  is  ajso  ex- 
by  the  common  expedient  of  lighting  paper  by  holding 
I  heated  air  which  rushes  out  of  a  common  lamp-glass. 
The  high  temperature  of  flame  is  further  proved  by  cer- 
53  of  combustion  without  flame.     Thus,  if  a  heated  wire 
lum  be  introduced  into  any  inflammable  or  explosive 
,  it  will  become  ignited^  and  continue  so  till  the  gas  is 
^ ;  but  inflammation  will,  in  most  cases,  only  take 
hen  the  wire  becomes  white  hot.     This  experiment  is 
tade  by  pouring  a  small  quantity  of  ether  into  the  bottom    *^' 
r-glass,  and  holding,  a  piece  of  heated  platinum  wire  a 
ove  its  surface  ;  the  wire  becomes  red  hot,  but  does  not 
the  vapour  of  the  ether  till  it  acquires  an  intense  white 

lame  fact  is  exhibited  by  putting  a  small  coil  of  platinum 
md  the  wick  of  a  spirit  lamp,  fig.  34,  which,  when  heated,  pi.  s. 
i  red  hot,  and  continues  so,  as  long  as  the  vapour  of  the  Platinum 
supplied,  the  heat  never  becoming  sufiicienlly  intense  "**"'*•"**• 
ice  its  inflammation. 

Such  being  the  nature  of  flame,  it  is  obvious,  that  if  we 
)y  any  means,  we  must  at  the  same  time  extinguish  it. 
\y  be  efiected  by  causing  it  to  pass  through  fine  wire 
which  is  an  excellent  conductor  and  radiator  of  heat,  and 
ently  possessed  of  great  cooling  power.  If  a  piece  of  Exp. 
ss  or  iron  wire-gauze  be  brought  down  upon  the  flame 
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tissue  ihat  will  interrupt  the  flame  of  leas  inHammable  substances, 

01-  those  that  produce  little  heat  in  combustion ;  so  that  different 

flames  will  pass  through  at  difierent  degrees  of  temperature. 

1S4.  The  discovery  of  these  facts,  respecting  the  nature  and 

■luMj  properties  of  flame,  led  Sir  H.  Davy  to  apply  them  to  the  con- 

struclion  of  the  Miners'  safely  lamp,  which  will  be  explained 

under  the  article  Carburetted  hydrogen  gas. 

» fKv      1S3.  The  phenomena  exhibited  by  phosphorescent  and  ia- 

'^w'T  candescent  bodies,  and  in  the  process  of  combustion,  have  some- 

<,w>itt-  times  been   explained  upon  the   idea   that  the  light  and  heat 

evolved,  were  previously  in  combination  with  the  substances, 

and  that  they  are  afterwards  merely  emilled,  in   consequpnce 

of  decomposition ;  and  that  the  solar  phosphori  absorb  light  and 

again  give  it  out  unchanged.     But  it  appears  more  probable  that 

any  particles  violently  repelled  into  space  may  become  radiant 

matter,  than  that  it  should  consist  of  a  s^jen^^c  substance  :  thus 

mechanical  action,  and  chemical  changes,  may  each  tend  to  the 

emission  of  radiant  matter;  and  incandescence  will  result  when 

the  vibrations  which  heat  occasions  among  the  particles  of  bodies 

ore  of  such  violence  as  to  cause  their  repulsion  into  space.  (B.) 

{See  Daw's  Elements  of  Chemical  Philosophy,  1.  213,  &,c.) 
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Section  V.     Electricity.  ^^H 

186.  If  a  piece  of  sealing-wax  and  of  dry  warm  flannel  be 
rubbed  against  each  other,  they  both  become  capable  of  attract- 
ing and  repelling  light  bodies.  A  dry  and  warm  sheet  of 
writing-paper,  rubbed  with  India  rubber,  or  a  tube  of  glass  rub- 
bed upon  silk,'  exhibit  the  same  phenomena.  In  these  cases 
the  bodies  are  said  to  be  electrically  excited ;  and  when  in  a 
dark  room,  they  always  appear  luminous. 

187,  If  two  pith-halls  be  electrified  by  touching  them  with 
the  sealing-wax  or  with  the  flannel,  they  repel  each  other  ;  bat 
if  one  pith-ball  be  electrified  by  the  wax,  and  the  other  by  the 
flannel,  they  attract  each  other.  The  same  applies  to  the  glass 
and  silk  :  it  shows  a  diflerence  In  the  electricities  of  the  dififei^ 
ent  bodies,  and  the  experiment  leads  to  the  conclusion,  that 
bodies  similarly  electrified  repel  each  other,  but  that  when 
dissimilarly  electrified  they  attract  each  other. 

The  term  electrical  repulsion  is  here  used  merely  to  denote 
the  appearance  of  the  phenomenon,  the  separation  being  proba- 
bly referable  to  the  new  attractive  power  which  they  acquire, 
when  electrified,  for  the  air  and  other  surrounding  bodies. 

If  one  ball  be  electrified  by  sealing-wax  rubbed  by  flannel, 
and  another  by  silk  rubbed  with  glass,  those  balls  will  repel 
each  other ;  which  proves  that  the  electricity  of  the  silk  is  the 
same  as  that  of  the  sealing-wax.     But  if  one  ball  be  electrified 
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hf  Ae  tealiDg-waz  md  the  other  by  the  glass,  they  then  attract 
saefc  otiwrt  ehowing  that  they  are  oppositely  electrified. 

188.  The  terms  niireous  and  rtainous  electricity  were  ap- 
plied to  these  two  phenomeiui ;  but  FraDklin,  observing  that  the  FnikUn*i 
same  aleetricity  was  not  inherent  in  the  same  body,  but  that  ^^*^* 
l^aie  eometimes  exhibited  the  same  phenomena  as  wax,  and 

face  wrs^  adopted  another  term,  and,  instead  of  regarding  the 

piMnoaiena  as  dependant  apon  two  electric  fluids,  referred  them 

to  the  piewnee  of  one  fluid,  in  excess  in  some  cases,  and  in  de- 

iciency  in  others.    To  represent  these  states  he  used  the  terms 

jrfHt  and  minuM^  poritive  and  negative.    When  glass  is  rubbed 

with  ailk,  a  portion  of  ^electricity  leaves  the  silk  and  enters  the 

dasi ;  it  beeomes  poriiive^  therefore,  and  the  silk  negative  ; 

■ot  when  sealing-wax  is  rubbed  with  flannel,  the  wax  loses  and 

the  lannel  gains ;  the  former,  therefore,  is  negative,  and  the 

^  hller  poaitive.    AH  bodies  in  nature  are  thus  regarded  as  con- 

'  tainiflig  the  electric  fluid,  and  when  its  equilibrium  is  disturbed, 

Ihay  exhibit  the  phenomena  just  described. 

189.  The  substances  enumerated  in  the  following  table  be- 
come poaitively  electrified  when  rubbed  with  those  which  follow 
them  in  the  list,  but  with  those  which  precede  them  they  be« 
cooM  negatively  electrical. — ^Biot,  Traiti  de  Physique^  torn. 
iLip.  880. 

Cat's  skin.  Paper. 

Polished  glass.  Silk. 

Woollen  cloth.  Gum  lac. 

Feathers.  Rough  glass. 

190.  Very  delicate  pith-balls,  or  strips  of  gold  leaf,  are  usu- 
ally employed  in  ascertaining  the  presence  of  electricity  ;  and, 
by  the  way  in  which  their  divergence  is  affected  by  glass  or 
seiling-wax,  the  kind  or  state  of  electricity  is  judged  of.  When 
properly  suspended  or  mounted  for  delicate  experiments,  they 

form  an  electrometer  or  electroscope.      For  this  purpose  the  Kiectrom- 
slips  of  gold  leaf  are  suspended  by  a  brass  cap  and  wire  in  a  «<«'• 
glass  cylinder ;  they  hang  in  contact  when  unelectrified  ;  but 
when  electrified  they  diverge. 

191.  The  kind  of  electricity  by  which  the  gold  leaves  are 
diverged  may  be  judged  of  by  approaching  the  cap  of  the  in-  »Tftbodof«ie- 
itniment  with  a  stick  of  excited  sealing-wax  ;  if  it  be  negative  v\^''o(\\t^ 
the  divergence  will  increase  ;  if  positive^  the  leaves  will  col-  ^'^^^y* 
lapse,  upon  the    principle  of  the  mutual    annihilation  of  the 
opposite   electricities,  or  that  bodies  similarly  electrified  repel 

each  other,  but  that  when  dissimilarly  electrified  they  become 
mutually  attractive.  (187.) 

192.  Some  bodies  suffer  electricity  to  pass  through  their  sub- 
lUoce,  and  are  called  conductors.     Others  only  receive  it  upon 

the  spot  touched,  and  are  called  nonconductors.     The  former  conductors  & 
do  not,  in  general  become  electric  by  friction,  and  are  called  ^n^"*^"*' 
nmelectrics  :  the  latter,  on  the  contrary,  are  electrics,  or  ac- 
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PI.  2.  '  The  electrophoruSy  fig.  41 ,  consists  of  two  metallic  plates,  a  a, 
with  an  intervening  plate  of  resinous  matter,  by  for  which  equal 
parts  of  shellac,  resin,  and  Venice  turpentine,  are  generally  used, 
the  mixture  being  carefully  melted  in  a  pipkin,. and  poured, 
whilst  liquid,  into  a  wooden  or  metal  hoop,  of  a  proper  size,  placed 
upon  a  polished  surface  of  glass  or  marble,  from  which  it  easily 
separates  when  cold  ;  it  should  be  about  half  an  inch  thick,  and 
the  smooth  surface  being  uppermost  the  lower  side  should  be 
covered  with  tin  foil,  or  attached  to  any  other  metallic  plate; a 
polished  brass  plate,  with  a  glass  handle  c  attached  to  it,  is  then 
placed  upon  the  upper  surface  of  the  resinous  plate,  and  of  rather 
smaller  diameter.  The  resin  is  then  to  be  excited  with  a  piece 
of  dry  fur,  and  the  instrument  will  be  found  t^  exhibit  the  fol- 
lowing phenomena  : 

Upon  raising  the  brass  plate  by  its  insulating  handle,  it  will 

be  found  very  feebly  electrical ;  replace  it,  touch  it  with  the 

finger  and  again  lift  it  o£f  by  its  handle,  and  it  will  give  a  spark 

of  positive  electricity.     This  process  may  very  often  be  repeated 

Modeofusing  without  frcsh  excitation,  which  circumstance,  as  well  as  the 

nature  of  the  electrical  charge,  shows  that  the  electricity  of  the 

moveable  brass  plate  is  not  directly  derived  from  the  resin,  but 

that  it  depends  upon  induction. 

The  electro-      The  clectrophorus  may  often  be  used  for  the  same  purpose  as 

Li  '^l"c'unc'  the  electrical  machine,  and  in  the  laboratory  it  furnishes  a  very 

iDkcbiDe.       convenient  substitute  for  thatmore  expensive  piece  of  apparatus. 

fiuantiijr  and      202.  Elcctritians  generally  employ  the  term  quantity  to  in- 

!^ctricp^w<^'  dicate  the  absolute  quantity  of  electric  power  in  any  body,  and 

the  term  intensity  to  signify  its  power  of  passing  through  a 

certain  stratum  of  air  or  other  ill-conducting  medium. 

If  we  suppose  a  charged  Lcyden   phial  to  furnish  a  spark, 
iistwuon.     ^,j^gj^  discharged,  of  one  inch    in  length,  we  should  find  that 
another  uncharged  Leyden  phial,  the  inner  and  outer  coating  of 
which  were  communicated  with  those  of  the  former,  would 
upon  the  same  quantity  of  electricity  being  thrown  in,  reduce 
the  length  of  the  spark  to  half  an  inch  ;  here,  the  quantity  of 
electricity  remaining  the  same,  its  intensity  is  diminished  by 
one-half,  by  its  distribution  over  the  larger  surface. 
Power  of  the      203.  The  power  of  the  Leyden  jar  is  proportioned  to  its  sur- 
pro>ort'ior to  face,  but  a  very  large  jar  is  inconvenient  and  difHcult  to  procure; 
lu  surface.     ^^^  same  end  is  attained  by  arranging  several  jars,  so  that  by  a 
communication  existing  between  all  their  interior  coatings,  their 
exterior  being  also  united,  they  may  be  charged  and  discharged 
Electrical      ^^  onc  jar.     Such  a  combination  is  called  an  electrical  Battery, 
Battery.        aud  is  useful  for  exhibiting  the  effect  of  accumulated  electricity. 
Its  dinrhnrjre      The  dischargo  of  the  battery  is  attended  by  a  considerable 
^l!o'rt\rn^    report,  and  if  it  be  passed  through  small  animals  it  instantly 
I^m*a*Ki.*°  ^^^^^  them  ;  if  through  fine  metallic  wires,  they  are  ignited,  melt- 
ed, and  burned  ;  and  gunpowder,  cotton  sprinkled  with  pow- 

Prodiicti       dered  resin,  and  a  variety  of  other  combustibles,  may  be  inflam- 
c^ttitioD.    gj  j,y  ^jj^  j^g  means. 
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S04.  There  are  many  other  aoorees  of  electricity  than  those  oumti 
jail  DOtioed.  When  glaaa  is  rubbed  by  mercury,  it  becomes  •'•'•«<^^- 
eketrified,  and  this  is  the  cause  of  the  luminous  appearance 
phscryed  when  a  barometer  is  agitated  in  a  dark  room,  in  which 
case  flashes  of  light  are  seen  to  traverse  the  empty  part  of  the 
tube.  Even  the  friction  of  air  upon  glass  is  attend^  by  elec- 
trical emtation :  for  Mr  Wilson  found  that  by  blowing  upon  a 
dry  pbte  of  glass  with  a  pair  of  bellows,  it  acquired  positive 
eleetricity.  Whenever  bodies  change  their  forms,  their  electri- 
cal states  are  also  altered.  Thus  the  conversion  of  water  into 
vapoiir»  and  the  congelation  of  melted  resins  and  sulphur,  are 
pnieeawcs  in  which  electricity  is  also  rendered  sensible. 

205.  When  an  insulated  plate  of  zinc  is  brought  into  contact 
one  of  copper  or  silver,  it  is  found,  after  removal,  to  be 

positivdy  electrical,  and  the  silver  or  copper  is  left  in  the  op- 
ptfsite  state. 

The  most  oxidizable  metal  is  alwajrs  positive,  in  relation  to  oftwo— t»b 
Ihe  least  ozidiaable  metal,  which  is  negative,  and  the  more  op-  ^SHi^^ 
poaite  the  metals  in  these  respects,  the  irreater  the  electrical  s^  osidinr 
ncitation ;  and  if  the  metals  be  placed  m  the  following  order,  wmjMpoti&w; 
ssch  will  become  positive  by  the  contact  of  that  which  precedes 
it,  and  negative  by  the  contact  of  that  which  follows  it ;  and  the 
grsslest  cmet  will  result  from  the  contact,  of  the  most  distant 
metals. 

Platinum. 

Gold. 

Silver, 

Mercury.  ^^^lln^Z. 

Copper.  J^J5»^"<^  «»«*- 

Iron. 

Tin. 

Lead. 

Zinc. 

If  the  nerve  of  a  recently  killed  frog  be  attached  to  a  silver 
probe,  and  a  piece  of  zinc  be  brought  into  the  contact  of  the  Electricity- 

«  ■/..  •!•»  i»  ij    conducted  by 

muscular  parts  of  the  animal,  violent  convulsions  are  produced  nenres. 
every  lime  the  metals  thus  connected  are  made  to  touch  each 
other  ;  exactly  the  same  effect  is  produced  by  an  electric  spark, 
or  the  discharge  of  a  very  small  Leyden  phial. 

If  a  piece  of  zinc  be  placed  upon  the  tongue,  and  a  piece  of 
silver  under  it,  a  peculiar  sensation  will  be  perceived  every 
time  the  two  metals  are  made  to  touch. 

206.  In  these  cases  the  chemical  properties  of  the  metals  are  {;J,^"i^JJ*„;;,*:" 
observed  to  be  affected.  If  a  silver  and  a  zinc  wire  be  put  into  a  lanjing  th-t 
wine  glass  full  of  dilute  sulphuric  acid,  the  zinc  wire  only  will  ®**'*'^"='^>- 
evolve  gas ;  but  upon  bringing  the  two  wires  in  contact  with 

each  other,  the  silver  will  also  copiously  produce  air  bubbles.  ^^  ^ 

207.  If  a  number  of  alternations  be  made  of  copper  or  silver  ^^^J 
Icif,  zinc  leaf,  and  thin  paper,  fig.  38,  the  electricity  excited  by  lunin 
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the  contact  or  ihe  metals  wiil  be  rendered  evident  to  the  com- 
mon electrometer, 

203.  If  the  same  arrangement  be  made  with  the  paper  moist- 
ened with  brine,  or  a  weak  acid,  it  will  be  found  oa  bringing  a 
wire  communicating  with  the  last  copper  plate  into  contact  with 
the  first  zinc  plate,  that  a  spark  is  perceptible,  and  also  a  slight 
shock,  provided  the  number  of  alternations  be  sufficiently  nu- 
'""■■'■        meroLis.     This  is  the  Voltaic  apparatus. 

AaMbrr  209.  Several  modes  of  constructing  this  apparatus  have  been 
tu.ii..«  ii.=  adopted,  with  a  view  to  render  it  more  convenient  or  active. 
pjimtm.  Sometimes  double  plates  of  copper  and  zinc  soldered  together, 
are  cemented  into  wooden  trouf^hs  in  regular  order,  fig.  4S,  the  in- 
tervening cells  being  filled  with  water, or  saline  or  acid  solutions. 
coronni  it  210.  Another  form  consists  in  arranging  a  row  of  gUsses,  coii- 
Iri^iVof""  taining  dilute  sulphuric  acid,  in  each  of  which  is  placed  a  wire 
irai.  oj.  plate  of  silver  or  copper,  and  one  of  zinc,  not  touching  each 

other,  but  so  connected  by  metallic  wires,  that  the  zinc  of  the 
first  cup  may  communicate  with  the  copper  of  the  second  ;  the 
zinc  of  the  second  with  the  copper  of  the  third,  and  so  on 
throughout  Ihe  series,  as  represented  in   fig,  44. 

By  dipping  Ihe  fingers  into  the  extreme  cups  1  and  4  a  shock 

will  be  felt ;  and  on  making  a  communication  between  them  by 

a  wire,  it  will  be  found  that  the  copper  plates  instantly  acquire 

the  power  of  decomposing  the  dilute  sulphuric  acid,  and  that 

the   cliemical   action   of  the   zinc   is   much   augmented.     One 

advantage  of  this  arrangement  over  the  former  (209)   is,  that 

both  surfaces  of  the  metal  arc  exposed  ;  whereas  in  the  other, 

by  soldering  the  plates  together,  its  action  is  diminisijed. 

"■'■  211.  In  fig.  55,  the  trough  a  is  made  of  earthenware,  with 

rhf  moil. p- partitions   of  the   same    material,    and    the  metallic  plates  are 

iiuciiDD.       attached  to  a  bar  of  wood,  so  that  they  can  be   immersed  and 

removed  at  one  operation.     The  troughs  are  filled  with  dilute 

acid,  and  by  uniting  them  in  regular  order,  the  apparatus  may 

be  enlarged  to  any  extent.     It  is  thus  that  the  great  apparatus 

of  the  Royal  Institution  is  constructed. 

212.   When  from  500  to  1000  double  plates  are  thus  arranged 

and  rendered  active  by  immersion  into  a  liquid   consisting  of 

about  sixty  parts  of  water  with  one  of  nitric  and  one  of  sulphuric 

acid,  very  brilliant  effects  are  produced  when  the  opposite  poles 

are  properly  united  by  conductors.     Thus,  if  a  piece  of  charcoal 

united  with  Ihe  negative  wire  be  made  to  touch  another  piece 

united  with  the  positive  wire,  a  bright  spark  and  intense  ignitioD 

ensue,  and  by  slowly   withdrawing  the  points  from  each  other 

a  constant  current  of  electricity  takes  place  through  the  heated 

air,  producing  a  magnificent  arc  of  intense  light. 

ciinm,^      213.   When   the   melals   and   other  inflammable  bodies  are 

,JJ^"j""  "'^  placed  in  this  arc  of  fire  they  burn  with  great  brilliancy,  and 

combuiiinr.  those  which  are  most  difiicnit  of  fusion  give  evidence  of  the 

Muii."°°  "'  inlcnsity  of  the  heat  by  instantly  melting  ;  and  some  earthy 

and  other  bodies,  infusible  by  ordinary  methods,  are  liquefied  by 


^■B  immorsing  the  wires  from  the  extremes  of  tills  ap<.  ' 
llMDto  water,  it  is  found  that  the  fluid  sulTurs  decomposi- 

ttnd  that  oxygen  gas  h  liberated  at  the  positive  wire  or  i 

and  hydrogen  f^s  at  the  ne°;ativc  pole. 
i.  One  of  the  first  discoveries  of  the  chemical  agency  of 
lie  was  its  power  of  decomposing  water.     Two  pieces  of  f-n- 
letaJlic  wires  are  thrust  through  separate  corks,  which  are 

into  the  open  ends  of  a  glass  lube  in  such  a  way,  that  the 
mities  of  the  wires,  when  the  corks  are  in  their  places,  may 
e  in  contact,  but  may  be  at  the  distance  from  each  Other 
lut  a  quaner  of  an  inch  (see  fig.  4G,  a).     If  the  parts  of  the  pj.  2 

which  project  from  without  the  tube,  be  made  to  commu- 
!,  the  one  with  the  zinc  or  positive  end,  and  the  other  with 
3pper  or  negative  end,  of  a  galvanic  battery,  a  remarkable 
xance  takes  place.  The  wire,  connected  with  the  zinc  or 
re  eod  of  the  pile  or  trough,  where  it  is  in  contact  wilh 
'ater.  if  of  an  oxidable  metal,  is  rapidly  oxidized  ;  while, 
the  negative  wire  a  stream  of  small  bubliles  of  gas  arises, 
f  the  wires  employed  he  of  3  metal  which  is  not  susrepti- 
f  oxidation,  such  as  gold  or  platina,  gas  is  then  extricated 

both  wires,  and,  by  a  simple  contrivance,  may  be  sepa- 
'  collected.  The  apparatus  for  this  purpose  is  shown  by 
1,  where  the  wires/)  and  n,  instead  of  being  introduced  pi.  9 
a  straight  tube,  are  inclosed  in  a  syphon,  and  terminate 
e  they  reach  the  end,  in  which  a  small  hole  is  to  be  ground. 
1  a  stream  of  galvanic  electricity  is  made  to  act  upon  water 
BOoGncd,  oxygen  gas  is  found,  at  the  close  of  the  expcri- 
,  in  the  leg  connected  with  the  positive  end  of  the  battery, 
lydrogen  gas  in  that  connected  with  the  negative  end  ;  and 
*  proportions,  which,  by  their  union,  compose  water.  .' ' 
riy  period  of  the  inquiry,  it  was  found,  however,  by  J 
fahank,  that  the  water  surrounding  the  positive  wire  I 
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';  The  fact  is  of  peculiar  importance  from  its  resemblance  to  other 
-  more  recent  ones,  which  have  led  that  ilislinj;uished  philoso- 
pher to  the  discovery  of  the  general  laws  of  cleciro-chemicil 
action.  Tivo  glass  lubes,  p  and  n,  fig.  45),  about  one-third 
of  an  inch  in  diameter  and  four  inches  lon^,  harjn^  each 
a  piece  of  gold  wire  sealed  hermetically  into  one  end  and  the 
other  end  open,  were  filled  with  distilled  water,  and  placed, 
inverted  in  separate  glasses,  filled,  also,  wilh  tliat  fluid.  The 
two  glasses,  a  and  b,  were  made  to  communicate,  either  by  dip- 
ping the  fingers  of  the  rigbl  hand  into  one  glass,  anil  those 
of  the  left  into  the  other,  or  by  interposing  fresh  animal  muscle, 
or  a  living  vegetable,  or  even  moistened  thread,  as  shown  at  c. 
The  gold  wires,  projecting  from  the  se.iled  ends  of  these  lubes, 
were  then  connected,  the  one  with  the  positive,  the  other  wilh 
the  negative  end  of  the  trough.  Gas  was  immediately  evolved  1 
from  both  wires.  At  the  close  of  the  experiment,  in  the  lube 
p,  oxygen  gas  was  found  ;  in  the  negative  tube  n,  hydrogen. 
The  proportions  by  measure  were,  as  nearly  as  possible,  those 
which  result  from  the  decomposition  of  water,  viz.  two  of  hy- 
drogen to  one  of  oxygen  gas.  Now  if  these  gases  arosf,  as  they 
necessarily  must,  from  the  decomposition  of  llie  same  portion 
of  water,  that  portion  of  water  must  have  been  contained  either 
in  the  tube/)  or  in  the  tube  n.  In  the  former  case,  ihe  hydro- 
gen gas,  found  after  the  process  in  n,  must  have  passed  invisi- 
blv  from/)  to  n,  through  the  intermediate  substance  c.  Or,  if 
the  water  was  decomposed  in  n,  ther 
have  happened  with  respect  to  the  oxygen  ; 
been  transmitted,  in  a  like  imperceptible  ma 
Facts  of  this  kind,  evincing  the  transference  ol  the  elemcnls 
a  combination,  to  a  considerable  distance,  through  intervening 
substances,  and  in  a  form  that  escapes  the  cognizance  of  o'lr 
senses,  however  astonishing,  it  will  appear  from  the  sequel,  are 
sufficiently  numerous  and  well  established.  It  appe.irs,  also, 
from  the  experimenis  of  Mr  Porrelt.  thai  water  may  be  forced, 
conlrary  to  its  gravity,  through  Ihe  compact  substance  of  x 
bladder,  from  the  positive  to  the  negative' wire  of  a  galvanic 
battery,  composed  of  plates  only  1|  inch  square.  H.  1.  177. 
'  218.  All  other  substances  are  decomposed  with  similar  plie- 
»-  Domena,  the  inflammable  element  being  disengaged  at  the  nega- 
tively electrical  surface  ;  hence  ii  would  appear,  upon  the  prin- 
ciple of  similarly  electrified  bodies  repelling  each  other,  and 
dissimilarly  electrified  bodies  atlracting  each  other,  (187)  that 
the  inherent  or  natural  electrical  state  of  the  inflammable  sub- 
stances is  positive,  for  they  are  attracted  by  the  negative  or 
■>'  oppositely  electrified  pole  ;  while  the  bodies,  sometimes  called 
■A  supporters  of  combustion,  or  acidifying  principles,  are  attracted 
"■  by  the  positive  pole,  and,  therefore,  may  be  considered  as  pos- 
sessed of  the  negative  power. 
J-  219.  When  bodies  are  thus  under  the  influence  of  electrical 
"  decompositioo,  their  usual  chemical  energies  are  suspended. 


and  it  must  have 
nner,  from  «  top. 
"   ■        ■  of 
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^Htaie  very  curious  phenomena  are  observed,  ivhich  may  he 
^Bltcd  by  the  fono\ving  experiments. 

IVUt  the  glass  luhes  a  a,  fig.  40,  which  are  closeJ  at  top  and  pi,  t 
pan  at  bottom,  with  infusioo  of  violets,  or  red  cubb^ce.  and  '^■''■ 
ivcrt  Uiero  in  the  basins  b  b,  contalnhig  a  solution  of  Glauber's 
lit,  and  connected  by  the  ^la^s  tube  c,  also  containing  the  blue 
ifusioa.  P  and  y  are  platinum  wires,  which  pass  into  the  tubes 
arty  to  the  boliom.  and  which  are  to  he  connected  with 
lie  [lositive  and  negative  extremities  of  the  Voltaic  apparatus. 
'  sill  be  found  that  oxygen  is  evolved  at  the  wire  p,  and  hy- 
,en  at  N,  derived  from  the  decomposition  of  the  water.  The 
Iter's  salt,  which  consists  of  sulphuric  acid  and  soda,  will 
,aj  be  decomposed;  and  the  blue  liquor  will  he  rendered  red 
a  Ute  positive  vessel,  by  the  accumulation  of  sulphuric  acid, 
Sil  green  in  the  nej^ative,  by  the  soda,  while  the  acid  and  alcall 
rill  each  traverse  the  lube  c  without  uniting,  in  consequence 
if  beio^E  under  the  influence  of  electrical  attraction. 

£30.  The  most  diillcullly  decomposable  compounds  may  be 
bus  resolved  into  their  component  parts  by  the  cleolricnl 
igracy ;  by  a  weak  power  the  proximate  elements  are  separated, 
ind  by  a  stronger  poiver  these  are  resolved  into  their  ultimate 
:onstituents. 

221.  Different  chemical  compounds  require,  for  the  disunion  "'""^ 
if  their  elements  galvanic  arrangements  of  various  powers,  and  rryuin 
ntensitics.     The  decomposition  of  water  is  easily  effected  by  a  '^^ml 
cries  of  fifty  pairs  of  plates,  each,  one   or   two  inches  square. 
'iiit  for   some   other  decompositions,  instruments  of    greater 
rower  are  required. 

232.  The  apparatus  emploved  by  Sir  H.  Davy  was  extremely  d.vj 
liinple.     Where  liquid   substances  were  to  be  operated  upon,  ""'"' 
»  employed  occasionally  agate  and  gold  cups,  fig,  5ii,  each  of  pi. ;. 
vhich  was  capable  of  holding  about  60  grains  of  water.     These 
irete  connected  by  fibres  of  amianthus,  and  into  each  was  in- 
Crted  a  plalina  wire.     The  wires  were  connected  with  the  t^vo 
nEtremities  of  a  powerful  galvanic  series. 

883.  Solid  bodies  were  subniittcil  to  the  galvanic  influence, 
tither  by  immersing  small  pieces  of  iKein  in  gold  cones,  fig.  57  ;  pi.j, 
..  ;it  other  times,  by  making  the  cups  themselves  of  the  sub- 
L^e  intended  to  be  decomposed,  Or  if  it  was  desirable  to 
■  "Tve  them  from  contact  with  water,  they  were  laid  on  a 
.11  insul.ited  dish  of  pbtina,  with  the  inferior  surface  of 
i.'h,  immediately  under  the  substance  used,  a  wii'C  from  one 
I  of  the  battery  was  made  to  communicate  by  anotlier  wire, 
■■  the  opposite  extremity  of  the  apparatus. 
J  J,  When  the  gold  cones  were  both  filled  with  a  solution  of 
Mijte  o(  potash  (a  salt  composed  of  pot,isli  and  sulphuric 
I.!  alter  exposure,  during  a  suIKi'.ieiil  time,  to  a  powerful 
i  .nic  arrangement,  pure  potash  was  found  in  the  negative 
,  ;i([il  sulphuric  acid  in  the  positive.  Tlie  ileeomposiiion 
i[uile  complete,  no  acid  being  found  in  one  cone,  and  no 
ikjIi  ill  the  other. 


The  experiment  was  repeated  with  several  other  neutral  salts, 
and  with  the  invariablo  result,  thai  the  acid  collected  in  the 
positive  cone,  and  the  alkali  in  the  negative  one. 
;  225.  Salts  which  are  either  insoluble,  or  very  sparingly  solu- 
''""  ble  in  water,  had  their  elements  disunited  in  the  followini; 
manner.  Cups  were  constructed  of  them,  which  were  filled 
with  water,  and  connected  by  platina  wires  with  the  opposite 
ends  of  a  galvanic  battery,  the  vessels  themselves  communicat- 
ing as  before,  by  means  of  moistened  amianthus.  At  the  con- 
clusion of  the  experiment  sulphuric  acid  (when  the  cups  were 
made  of  sulphate  of  lime)  was  found  in  the  positive  cup,  and 
lime  water  in  the  negative  one.  Sulphate  of  sirontites,  fluate  of 
lime,  and  sulphate  of  baryta,  were  decomposed,  though  less 
easily,  by  the  same  expedient.  In  all  these  cases  the  acid  ele- 
ment was  found  at  the  positive  aide,  and  the  earthy  one  at  the 
negative  side,  of  the  arrangement. 

226,  These  facts  evidently  point  out  a  transference  of  the 
rof  elements  of  combination  from  one  electrified  vessel,  or  surface, 
""■  to  another  differently  electrified.     The  principle  may  be  made 

much  more  apparent  by  a  little  variation  of  the  experiment. 

Thus,  if  solution  of  sulphate  of  potash  be  electrified  in  the  pos- 
itive coDe^,  fig.  57,  waler  alone  being  contained  in  n,  after  a 
sufficient  continuance  of  the  electrical  action,  p  will  be  found  lo 
contain  diluted  sulphuric  acid,  and  the  potash  will  be  discovered 
in  the  water  of  n.  The  alkali  must  necessarily,  therefore,  hare 
passed,  in  an  imperceplibte  form,  along  the  connecting  amianthus, 
from  the  vessel  p  to  the  vessel  n.  Reversing  the  experiment, 
and  filling  n  with  solution  of  sulphate  of  potash,  the  alkali 
remains  in  this  cone  ;  and  the  acid  is  transferred  lo  the  oppo- 
site side^.  In  one  experiment,  in  which  nitrate  of  silver  was 
placed  in  the  positive  cup,  and  pure  waler  in  the  negative  one, 
the  whole  of  the  connecting  amianthus  was  covered  with  revived 
silver. 

227.  In  the  farther  prosecution  of  the  inquiry,  Sir  H.  Davy 
succeeded  in  discovering  a  still  more  extraordinary  series  of 
facts.  When  an  inlermediate  vessel  (i,  fig,  47)  was  placed  be- 
tween the  positive  and  negative  cups  p  and  h,  and  was  connect- 
ed with  both  of  them  by  moistened  amianthus,  it  was  louad,  that 
acids  may  actually  be  made  lo  pass  from  n  lo  p,  through  the 
intermediate  solution  in  t,  without  combining  with  it.  Thus 
solution  of  sulphate  of  potash  being  put  into  the  negative  cupn, 
solution  of  pure  ammonia  into  i,  and  pure  water  into^,-  in  half 
an  hour,  sulphuric  acid  was  found  in  the  water  of  Ihe  positive 
cup,  to  have  reached  which  it  must  have  been  transferred  from 
n  through  the  intermediate  solution  of  ammonia.  Muriatic 
acid,  also,  from  muriate  of  ao'la,  and  nitric  acid  from  nitrate  of 
potash,  were  transferred  from  the  negative  to  the  positive  side 
through  an  interposed  solution  of  alkali.  And  contrariwise, 
alkalies  and  metallic  oxides  were  transmitted  from  the  positive 
to  the  negative  side,  through  intervening  solutions  of  acids. 
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It  is  necessary,  however,  Ihat  the  solulion,  contained  in  the  J 

i n term eili ale  vcsae!  i,  should  not  be  capable  of  forming  an  inso-  J 

luble    compound    with  ihe  substance  inlcniled    to    be  transmit-  M 

ted  through    it.     Thus  sulphuric  acid,  in   its  pa3saf;e,  from  sul-  I 

pliate  of  potash  in   the   negative  cup,  through  the  vessel  i  con-  M 

laining  a  solution  of  pure  liaryles,  is  detained   by  the  baryles,  I 

>nd  falls  down  in  the  slate  of  an  insoluble  compound  with  (hat  I 

Mrtb.  I 

828.  Bodies,  the  composition  of  which  is  considerably  more  I 

eompticated,    are,    also,    decomposed    by    galvanic   elcciricity.  1 

Thus,  from  certain  minerals,  containing  acid  and  alkaline  mat- 
ter id  only  very  minute  proportion,  these  in^redionts  are  sepa- 
ntely  developed.     Basalt,  lor  example,  (a  kind  of  stone,  which,  J 

in   lOO  grains,   contains  only   31    grains   of  soda    and    half  a  I 

graio  of  muriatic  acid,)  gave,  at  the  end  of  ten    hours,  evident  I 

traces  of  alkali  round  the  negative,  and  of  acid  round  the  posi-  J 

tire    wire.     A    slip   of  glass,  also,  negatively  eleclritied  in  cue  i 

of  the  gold  cones,  liad  soda  detached  from  it,  and  sustained  a 
loss  of  weight.  I 

229.   It  may  now  be  understood,  vvhy,  by  Ihe  agency  of  gal-     ^^  ,,^,g 
Tuism  on  water,  alkali  appears  at  Ihe  negative  and  acid  at  the  i^^ij  ^ 
positive  wire.     The  fact  was,  for  some  time,  not  a  little  per-  [i.,urici«  er 
plexing  to  Sir   H.    Davy;  till,  at  length,  he  ascertained,  that''""*"'' 
all  water,  however  carefully  distilled,  contains  neutral  salts  in  a 
State  of  solution.     From  these  impurities,  the  alkaline  and  acid 
elements  are  separated,  agreeably  to  a  law  which  has  already 
been  explained.     In   the  same  way,  also,  the  muriatic  acid  and 
alkali  are  accounted  for,   which  some  chemists  have   obtained 
hy  galvanizing  what  was  before  considered  as  pure  water  ;  a  fact 
which  has  been  nrgcd  in  proof  of  the  synthetical  production  of 
both  those  bodies.     Absolutely  pure  water,  It  has  been  demon- 
strated by  Sir  II.  Davy,  yields  nothing  but  hydrogen  and  oxy-  I 
gen  gases.  I 

290.  All  the  effects  of  galvanic  arrangements,  in  producing 
chemical  decompositions,  it  has  been  found,  may  be  obtained  o^'^JTn'l^ 
by  ordinary  electricity.  Its  adaptation  to  ihis  purpose  was  first  "i«iri"'T- 
wccessfully  attempted  by  Dr  Woilaston.*  The  apparatus,  which 
he  employed,  was  similar  to  that  already  represented,  fig  46,  a, 
excepting  tliat  Ihe  wires  instead  of  bcitng  exposed  10  the  fluid,  ^'' ^ 
Cont^ned  in  the  tube,  throughout  their  whole  length,  were 
MVered  with  was,  and  the  points  only  were  laid  bare.  Or 
(what  was  found  to  answer  still  better)  the  wires  were  in- 
closed in  capillary  tubes,  which  were  senled  at  their  extremi- 
ties, and  then  ground  away,  till  Ihe  points  alone  were  exposed. 
The  conducting  wires,  thus  arrantred,  were  then  introduced 
ioto  a  lube,  or  other  vessel  containing  the  Ittiuid  to  be  operat- 
ed on,  and  were  connected,  the  one  with  the  positive,  the 
other  with  the  negative,  conductor  of  an  electrical  machine, 
diq>ofie<l  for  positive  and  negative  electricity.t     When  solution 
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of  sulphate  ofcopper  was  thuseleclrized,  the  metal  waa  revif-ed 
round  the  nep;alive  pole.  On  reversing;  the  apparatus,  the  cop- 
per was  re-disiolved,  and  appeared  again  at  the  other  wire,  now 
rendered  neEativc. 

When  gold  wires,  from  ^^if  to  ^3^0  °^  s"  '""^h  in  diameter, 
thus  enclosed,  were  made  10  transmit  electricity,  a  succession 
of  sparks  afforded  a  current  of  gas  from  waler.     When  a  solu- 
tion   of  gold    in    nitro-muriatic   acid    was   passed    through  the 
capillary  tube;  the  tube  then  healed  to  drive  off  the  acid;  and 
afterwards  meltei  and  drawn  out,  it  was  found  that  the  mere 
current  of  electricity,  without  sparks,  evolved  gas  from  water. 
Sir  H.  Davy  has  since  proved,  that,  by  a  similar  apparatus, 
solution  of  sulphale  of  potasli  is  decomposed,  potash  apfiearing 
at  the  negative,  and  sulphuric  acid,  at  the  positive  pole.*     H. 
1.  17S. 
231.  All  bodies  which  exert  powerful  chemical  agencies  upon 
"  each  other  when  freedom  of  motion  is  given  to  iheir  particles, 
'"  render  each  other  oppositely  electrical  when  acting  as  masses. 
od  Hence  Sir  H.  Davy,  the  great  and  successful  investigator  of  this 
branch  of  chemical  philosophy,  has  supposed  that  electrical  and 
chemical  phenomena,  though  in  themselves  quite  distinct,  any 
be  dependent  upon  one  and  the  same  power,  acting  in  the  for- 
mer case  upon  masses  of  matter,  in  the  other  upon  its  particles. 
332,  The  power  of  the  Voltaic   apparatus  to  communicate 
^;  divergence  to  the  electrometer,  is  most  observed  when  it  is 
"'  well  insulated  and  filled  with  pure  water;  but  its  power  of  pro- 
ducing ignition  and    of  giving  shocks,  and    of  producing   the 
other  eflects  observed  when  its  poles  are  connected,  are  much 
augmented    by    the    interposition   of  dilute   acids,    which    act 
chemically  upon  one  of  the  plates  :  here,  the  insulation  is  inter- 
fered with  hy  the  production  of  vapour,  but  the  quantity  of 
electricity  is  much  incre.ised,  a  circumstance  which   may,  per- 
haps, be  referred  to  the  increase  of  ihe  positive  energy  of  the 
most    oxidable  metal  by  the  contact  of  the  acid,      In   experi- 
ments made  with  the  great  b:itiery  of  the  Royal   Institution,  it 
has  been  found  that  130  plates  rendered  active  by  a  mixture  of 
one  part  of  nitric    acid    and  three  of   water,  produced  eSects 
equal  to  480   plates  rendered  active  by  one  pari  of  uitric  acid 
and  fifteen  of  water. 

£33.  In  the  Voltaic  pile,  the  inlensily  of  the  electricity 
'>  increases  with  the  number  of  alternations,  but  the  quantity  19 
'  increased  by  extending  the  surface  of  the  plates.  I  bus,  if  a 
battery,  composed  of  thirty  pairs  of  plates  two  inches  squar«, 
be  compared  with  another  battery  of  thirty  pairs  of  twelve 
inches  Sfjuare,  charged  in  the  same  way,  no  difference  will  be 
perceived  in  their  effects  upon  had  or  imperfect  conductors; 
their  powers  of  decomposing  water  and  of  giving  shocks  will  be 
similar;  but  upon  good  conductors  the  effects  of  the  large  plates 
will  be  considerably  greater  than  those  of  the  small :  they  will 
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■  end  fuse  lar^e  quantities  of  piatinum  wire,  and  produce 
"  brilliant  spark  between  the  char       '  ^..      ^  . 


nil  i 


points. 


The   fol- 


illustraie  ihe  diflcrent  t 
titj  anit  intensity  in  the  Vollaic  apparatus. 

Immerse  llic  platinum  wires  connected  with  the  extremity  ^ 
of  a  chared  ballerv  composed  of  twelve-inch  plates  into  water,  :IIu>if 
•ml  it  will  be  found  ihal  the  evolution  of  i;a3  is  nearly  I  he  same 
M  IhM  occasioned  by  a  similar  number  of  two-inch  plates. 
Apply  the  moistened  finders  to  the  wires,  and  the  shock  will 
be  Ihe  same  as  if  there  were  no  connexion  by  the  walcr. 
While  Ihe  circuit  exists  throuf;li  the  human  body  and  the 
Kiwr,  let  a  wire  attached  to  a  thin  slip  of  charcoal  lie  made  to 
conned  tlie  poles  of  the  battery,  and  Ihe  charcoal  will  become 
'  Lilly  i:;nited.  The  water  and  the  animal  substance  discharge 
1  lectririty  of  a  surface  probiibly  not  superior  to  their  own 

.  jce  of  contact  with  the  metals;  ihe  wires  discharge  all  the 
rcsitiual  electricity  of  the  plates;  and  if  a  similar  experiment 
be  made  on  plates  of  an  inch  square,  there  will  scarcely  be  any 
Kn&ation  when  the  hands  are  made  to  connect  the  ends  of  the 
l»iiery,  3  circuit  bein^  previously  made  through  water ;  and   no 

irk,  when  charcoal  is  made  the  medium  of  connexion,  im- 
(t  ronductors  having  been  previously  applied. 

these  relative  effects  of  quantity  ami  intensity  were  admi-  „,(-,, 
nbiy  illu^iralcd  by  the  experiments  insiiluted  by  Mr  Children,  i>«i'tr 
who  eonsirucied  a  battery,  the  plates  of  which  were  two  feet 
rij:ht  inches  wide,  and  six  feel  hiirh.  They  were  fastened  to  a 
bum  suspended  by  counlerpoises  from  the  ceiling  of  his  labora- 
tory, 90  as  to  be  easily  immersed  inio  or  withdrawn  from  the 
cells  of  Ihe  acid.  The  effects  upon  metallic  wires  and  perfect 
cumluciors  were  extremely  intense  ;  but  upon  imperfect  coii- 
iJin-tors.  such  as  the  human  bodv,  and  water,  ihey  were  feeble. 
—Phi/as.  Trans.  ISlS.p.  363.' 

■i34.  One  of  the  most  convenient  methods  of  constructing  a   ■ 
biltcry   of  extensive   surface   has   been    contrived   by  Dr  Hare,     ' '' 

_    .>9,  who  has  given  ihe  instrument  llie  name  of  Calorimolor.  ^"'^ 
\   a,   represent    two  cubical   vessels,   twenty   inches  square, 

■;.!e.      bbbb,a  frame  of  wood   oonloining  SO  sheets  of  cop- 

(     and   20   sheets   of  zinc,  alternating  with   each   other,  and 
it  half  an  inch  apiirt      T  T  M.  masses  of  tin  cast  over  the 

'  iruding  edges  of   the  sheets  which  are  lo  communicate  with 

■  ii  other.      Fig   60,  represents  the  mode  in  which  the  junct  on 

'  veen  the  various  sheets  and  tin  masses  is  effected.  Belween 
lelters  :  :,  the  zinc  only  is  in  contact  with  the  tin  masses. 
;ween  re  ihe  copper  alone  touches.  It  may  he  observed, 
i^.ji,  at  the  back  of  the  frame,  ten  sheets  of  copper  between  c  c, 
aad  ten  sheets  of  zinc  between  z  z,  are  made  to  communicate, 
b)-  a  common  mass  of  tin  extending  the  whole  length  of  the 
frame,  belween  T  T  :  but  in  front,  as  in  fig.  59,  there  is  an  inter- 
stice betweeo  the  mass  of  tin,  connecting  the  ten  copper  sheets, 
*ad  that  coonecting  the  ten  zltic  sheets.     The  screw  forceps, 


to  Kt  OB  tlw  tfaMtt,  w»m»ilt«c  tktm  wMi  amle.     Betw 

/      it  mjr  be  bcadKid. 

' Vibem  the  woppaaai  me  «ori»cc»»re  aaHeJ  by  an  icleifut- 

i^  wire,  xiul  the  intfniiReiit  unmcrse*!  in  iJk  acid  liquor  ia 
ibe  vcMcJ  besekUi.  the  wire  becomes  inteoMlf    i^iUKl,  aod 
when  b)rdroj;eo  is  libenled  is  snSeieat  qoantity   it  ORuUr 
takes  fire  firo<laeiii%  a  t«7-   beaalii'ul    comncating  flame  dpon  j, 
the  suHace  of  the  liquid.     (See  -imerican  Jotir,  of  SHaut^  J 
Vol.  1.  413.)  1 

235    Wbeoiheextremeaof  abaitery  compcnedorUr^  platet  I 
are  united   hy  wires  of  difiereot  melaU,  it  is  fauod   thai  some 
are  more  easily  ignited  than  others,  a  clrcunisiaoce  which  his 

^       been  referred  to  thetr  coaductin):  powen :  thus,  platiDom  it  | 
more  easily  ignited  thaa  silver,  and  silrer,  than  ziac.     If  the 
tniitioa  be  supposed  to  result  from  reiisUnce  to  the  passage  of 
electricity,  we  should  say   that  the  zinc  coaducied    better  than 

i^_^_,^    filrer,  and  the  silver  than  platioum. 

HHHM.  236.  An  important  improvement  has  been  suggested  in  the 
construction  of  the  Voltaic  apparatus  by  Dr  Woi.LASTOje,  {*?«- 
nail  of  Philosr/phy,  Sept.  1815,)  by  which  great  increase  of 
tjuantity  Is  obtained  without  inconvenient  augmeniation  of  the 

,,  size  of  the  plates  -   it  consists  in  extending  the  copper  plate,  so 

a*  to  oppose  it  to  every  surface  of  the  zinc,  as  seen  in  fig.  61. 
A  is  the  rod  of  wood  to  which  the  plates  are  screwed  ;  bb  the 
zinc  plates  connected  as  usual  with  the  copper  plates  re,  which 
arc  doubled  over  the  zinc  plates,  and  opposed  to  them  upon  all 
sides,  contact  of  the  surfaces  being  prevented  by  pieces  of  wood 
or  cork  placed  at  do. 

With  a  single  pair  of  platPS  of  very  small   dimensions  con- 
structed upon  this  principle,  Dr  Wollaslon  succeeded  in  fusing 
i;  and  igniting  a  fme  platinum  wire.     From  thecxperience  which 
1  have  had  of  this  construction,  I  am  inclined  to  consider  it  ihe 
most    economical   and   useful    form  of  the  Voltaic   apparatus; 
certainly,  at  least,  it  is  so  for  all  those  researches  in  which  there 
is  an  occasional  demand  for  quantity  as  well  as  intensity  of 
electricity.    (B.) 
!"■     237,  Fig.  62,  represents  the  improved  form  of  Ihe  Voltaic 
'     apparatus  of  Dr  Hare,  which   he  has  called  a  Deflagrator.     It 
consists  of  four  troughs  a.  a.  b.  b.  each  10  feet  long.     Each 
wtor.   ^^^**  °^  'l'^  troughs  are  joined  lengthwise,  edge  to  edge,  so  that 
when  the  sides  of  the  two  b  b  are  vertical,  those  of  the  others 
A  A  arc  horizontal.     The  troughs  are  supported  by  a  frame  c  c, 
and  turn  upon  pivots  rf,  d.    The  pivots  are  made  of  iron  coated 
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he  contact  of  the  metals,  for  we  know  that  a  plate  of  silver 
plate  of  zinc,  or  of  any  other  difficultly  and  easily  oxida- 
etalsy  become  nes^ative  and  positive  on  contact.     The  ac-    V(Hiiir{.nc 
ation  must  be  referred  to  inductiony  which  lakes  place  in  I^h^'prinriJIie 
ectrical  column  through  the   very  thin  stratum  of  air  or  <>«  ^qJucuou. 

and  through  water  when  that  fluid  is  interposed  between 
ites.  Accordingly  we  observe  that  the  apparatus  is  in  the 
ion  of  the  series  of  conductors  with  interposed  air  and  of 
tyden  phials,  (198.)  When  the  electric  column  is  insulated 
tremities  exhibit  feeble  negative  and  positive  powers,  but 
er  extremity  be  connected  with  the  ground,  the  electricity 
poles  or  extremities  is  greatly  increased,  as  may  be  shown 
:  increased  divergence  of  the  leaves  of  the  electrometer 

then  ensues. 

.  As  general  changes  in  the  form  and  constitution  of  matter  EiectricUr 
onected  with  its  electrical  states,  it  is  obvious  that  electri-  <^o°*'n".«»y 
lust  be  continually  active   in  nature.     Its  enects  are  ex-  tu». 
i  on  a  magnificent  scale  in  the  thunder-storm,  which  results 
he  accumulation  of  electricity  in   the  clouds,  as  was  first 
mentally  demonstrated   by   Dr  Franklin,  who   also   first 
d  the  advantage  of  pointed  conductors  as  safeguards  for 
igs. 

.  That  arrangements  of  different  organic  substances  are       Arwnpe- 
e  of  producing  electrical  effects,  has  been  shown  by  vari-  ^w  jub.°'^ 
perimentalists.     If  the  hind  legs  of  a  frog  be  placed  upon  of"pr*fdl'ci!ig 
I  plate,  and  the  crural  nerve  dissected  out  of  one  made  ••i«-ctric«i  ei- 
imunicate  with  the  other,  it  will  be  found,  upon  making 
>nal  contacts  with  the  remaining  crural  nerve,  that  the 
of  the  animal   will  be  agitated  at  each  contact.     These 
istances  have  induced  some  physiologists  to  suppose  that 
city  may  be  concerned  in  some  of  the  most  recondite  co^lwMi 
mena  of  vitality,  and  Dr  Wollaston,  Sir  V,,  Home,  and  l*iV;*!:!!.",^r 
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fluid  existing  in  all  matter,  and  exhibiting  itself  by  the  appear- 
ances which  have  been  described,  whenever  its  equilibrium  is 
disturbed,  presenting  negative  and  positive  electricity  when 
deficient  and  when  redundant.  Others  have  plausibly  argued 
for  the  presence  of  two  fluids,  distinct  from  each  other.  Others 
have  considered  the  eSects  as  referable  to  peculiar  exertions  of 
the  attractive  powers  of  matter,  and  have  regarded  the  existence 
of  any  distinct  fluid  or  form  of  matter  to  be  as  unnecessary  to 
the  explanation  of  the  phenomena,  as  it  is  in  Ihe  question  con- 
cerning the  cause  of  gravitation. 

242.  When  the  flame  of  a  candle  is  placed  between  a  positive 
and  negative  surface,  it  is  urged  loward.i  the  latter;    a  circum- 
stance which  has  been  explained  upon  the  supposition  of  a  cur- 
rent of  electrical  matter  passing  from  the  positive  to  the  nega- 
tive pole;  indeed,  it  has  been  considered  as  demonstrating  the J| 
existence  of  such  a  current  of  matter.     But  if  the  flame  of  phos-1 
phorus  be  substituted  for  that  of  a  candle,  it  lakes  an  oppostle 
direction  ;  and,  instead  of  being  attracied  towards  the  negative, 
it  bends  to  the  positive  surface.     It  has  been  shown  that  inflam-  i 
inable  bodies  are  always  attracted  bv  negative  surfaces,  and  acid  j 
bodies,  and  those  in  which  the  supporters  of  combustion  pre-  ' 
vail,  are  attracted  by  positive  surfaces  (21S.)     Hence  the  flame 
of  the  candle  throwing  off  carbon,  is  directed  to  the  negative 
pole,  while  that  of  phosphorus  forming  acid  matter  goes  to  the 
positive,  consistently  with  the  ordinary  laws  of  electrochemical 
attraction. — Philos.  Trans.  1814. 

24.1.  There  are  other  experiments  opposed  to  the  idea  lh»t 
electricity  is  a  material  substance.  If  we  discharge  a  Leyden 
phial  through  a  quire  of  paper,  (he  perforation  is  equally  bur- 
red upon  both  sides,  and  not  upon  (he  negative  side  only,  as 
would  have  been  the  case  if  any  material  body  had  gone  through 
in  that  direction.  The  power  seems  to  have  come  from  the 
centre  of  the  paper,  as  if  one  half  of  the  quire  had  been  attract- 
ed by  the  positive,  and  the  other  by  the  negative  surface. 

244.  When  a  pointed  metallic  wire  is  presented  towards  the 
conductor  of  the  electrical  machine,  in  a  darkened  room,  a  star 
of  light  is  observed  when  the  conductor  is  positive,  but  a 
brush  of  light  when  it  is  negative;  a  circumstance  which  has 
been  referred  to  the  reception  of  the  electric  fluid  in  the  one 
case,  and  Its  escape  in  the  other.  In  the  Voltaic  discharge  the 
same  appearances  are  evident  upon  the  charcoal  point,  rays  ap- 
pearing to  diverge  from  the  negative  conductor,  while  upon  the 
positive  a  spot  of  bright  light  Is  perceptible.  But  these  aflec- 
lions  of  light  can  scarcely  be  considered  as  indicating  the  emi^ 
or  reception  of  any  specific  form  of  matter.        _^^^^ 
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CHAPTER  II. 

OV  XliBOTBO  VXeATITS  SUBtf  AVCXS.* 


MS.  Ite  mbftiiicei  bdoogiog  to  this  olasi  n^  chirtcterixed 
W  pommmag  my  enmetie  powen  of  eombiDttioo  in  respect  to 
mt  aapkl  InllunnMble  Dodies,  tnd  they  are  each  of  them  Gape-  ^^^'^ 
He  of  prodiwing  aeidsy  whenee  they  may  also  be  termed  acM  ^'^^^^^ 
Hfiflmg  prineiplee.    When  their  eompoaoda  are  submitted  to 

ehsliP  sliuinical  deeompoaitiooy  these  elements  are  attracted  by 

pontivo  surfiiee ;  hence  their  natural  or  inherent  electrical  tiT«.' 
may  be  considered  as  negative. 
These  aeidiryingy  electro-negati?e  substances  are  three  in 

1.  Oxygen. 

2.  Chlorine. 
S.  Iodine. 


L«« 


SiCTiov  I.    Nomenclature. 

M6.  These  bodies  enter  into  combination  with  each  other^      cheaieai 
■id  with  other  bodies,  to  be  hereafter  described,  producing  ■'^■*'^**^ 
eeapoondSy  in  an  account  of  which  it  will  be  necessary  to 
meko  use'  of  the  peculiar  language  of  chemistry.    The  follow* 
ing  examples  may  serve  to  give  some  idea  of  the  principles  of 
Domenelature  generally  adopted  in  chemistry. 

When  any  body  unites  with  oxygen,  whatever  the  product 
may  be,  the  process  is  termed  oxygenation.  When  only  a 
certain  portion  of  oxygen  combines  with  other  bodies,  the  pro- 
duct not  acquiring  actcf  properties,  the  process  is  termed  oxida- 
tion^  and  the  new  compounds  are  usually  distinguished  by  the 
termination  tcfe, — as  oxide  of  chlorine,  oxide  of  nitrogen.  In 
like  manner  similar  combinations  of  chlorine  and  iodine  are 
distinguished  as  chlorides,  and  iodides — thus  we  have  chloride 
of  sulphur,  iodide  of  iron,  &c. 

When  more  than  one  compound  of  this  kind  is  produced,  the 
terminations  ofis  and  ic  are  used  to  designate  the  relative  pro-  • 
portions  of  the  electro-negative  substances.  Thus  nitrogen 
forms  two  oxides ;  that  containing  the  smallest  proportion  of 
oxygen  is  the  nitrous  oxide,  that  containing  the  largest  the 
nitric  oxide.  The  acid  compounds  are  similarly  designated,  as 
nitrous  and  nitric  acid  ;  sulphurous  and  sulphuric  acid ;  and 
where  there  are  intermediate  compounds  the  term  hypo  is  occa- 
sioDally  added  to  the  acid  next  above  it  in  point  of  oxidizement, 
llius,  hyposulphuric  acid  signifies  an  acid  compound  interme- 
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diate  between  sulphurous  and  sulphuric  acids ;  hypophoxphorout 
acid,  an  actd  containing  less  oKy;;cn  than  the  pliospliorous  ncid. 

The  different  combinations  of  the  metals  ivilh  oxygun,  are 
perhaps  best  distinguished  by  prefixing  to  the  word  oxide  the  first 
Eyllable  of  the  Greelt  ordinal  numerals,  as  ori|;<naliy  projiosed 
by  Dr  Thomson.  Thus  ihe  protoxide  oC  a  metal  will  denote 
the  compoulid  containin^^a  minimum  of  oxygen,  or  the  fir^t  oxide 
which  the  metal  is  capable  of  rormin<;  ;  deutnxide  nill  ilvnole 
the  second  oxide  of  a  metal,  ffc.  ;  and  when  a  mcla!  is  combio- 
ed  with  the  largest  possible  quantity  of  oxysen,  the  compound, 
if  not  acid,  may  be  called  peroxide.  The  same  rule  applies  to 
the  chlorides  and  iodides. 

The  acids  terminating   in  one  produce  compounds  in  which 
the   termination    t/e    is  used;    while  those   ending    in  ic  form   i 
compounds  in  which  the  ending  ale  is  used.     Thus  the  cumbU  J 
nation  of  sulphurous  acid  and  pota^sa,  is  a  siilphile  of  poiaf«t;  I 
that  of  Sulphuric  acid  and  polassa,  a  aulpliate  of  puiasha.  t^e.      1 

When  the  same  acid  combines  with  more  than  one  oxide  of  ' 
the  same  metal,  the  first  syllable  of  the  Greik  ord  n.il  numeral  < 
is  in  that  case  applied  to  the  acid  ;  thus,  the  prntosulphntt  and  J 
persulphate  of  iron  signify  the  combinations  ofiiulphiiric  acid  1 
with  the  protoxide  and  peroxide  of  iron.  The  term  nxpiut-  ' 
phate  is  occasionally  used  to  designate  the  latter  compound, 
and  in  the  same  sense  we  speak  of  oxynilrates.  oxyphospkatet, 
ifC.  but  the  former  mode  of  designation  is  less  equivneal. 

The  compounds  of  the  simple  inflammable  bodies  with  each 
other,  and  with  the  metals,  are  commonly  designated  by  the 
termination  iiret,  as  sulphuret  of  phosphorus,  phospAuret  of 
carbon,  carburet  of  iron,  ^-c. 

The  terms  bi  sulphuret,  bi  sulphate,  bi  phosphnret ,  Iti pHoi- 
phute,  fyc.  applied  lo  compounds,  imply  that  ihey  contnin 
twice  the  quantity  of  sulphur,  sulphuric  ncid,  phosphorus  or 
phosphoric  acid,  existing  in  the  respective  sulphuret,  sulphnle, 
phosphuret  and  phosphate. 

The  term  gas  is  applied  to  all  permanently  elastic  fluids, 
except  the  atmosphere,  to  which  the  term  air  js  appropriated. 

247.   For  performing  the    necessary  experiments  on    gases, 
.lu.fM  many  articles  of  apparatus  are   necessary,  consisting  partly  of 
vessels  filled  for  containing  the  materials  that  aflbrd  them,  and 
partly  of  vessels  adapted  for  the  reception  of  gases,  and  for  sub- 
milting  them  to  experiment. 
_^  r~~  For  procuring  such  gases    as  are    producible  without  a  very 
'     strong  heat,    glass   bottles,  furnished   with  ground  stoppers  and 
bent  tubes,  arc  sufficient,  fig.  65.     Of  these,  several  will  he  re- 
quired of  different  sizes   and    shapes,  adapted  to  different  pur- 
poses.    If  these   cannot  be  procured,  a  Florence  flask,  with  a 
cork  perforated  by  a  bent  glass  tube,  or  even  by  a  tin  pipe, 
will  serve  for  obtaining  some  of  the  gases, 
I  Those  gases,  that  require,  for  their  liberation,  a  red  beat,  may 

I       be  procured  by  exposing  to  heat  the  substance  capable  of  afford- 
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iogthetn,  in  co&tetl  earthen  retoris  or  tubes;  or  in  a  gim  bar-  j 
re),  the  touch-hole  ol'  which  has  licen  accurately  closed  by  an 
iron  pin.  To  the  mouth  of  the  barrel  must  be  a0ixed  a  glass 
labr,  bent  so  as  lu  cuiivey  the  gases  where  it  may  be  requisite. 
A  very  conveitient  apparatus,  for  oblainint;  such  ^ses  as 
Manol  bv  clisen^n^ed  without  a  red  heat,  consi^ils  of  a  cast-iron  m. 
reian,  having  a  Jointed  metallic  conducting  tube  fitted  to  it  by 
finding;  by  means  of  which  the  gas  may  be  conveyed  in  any 
(tirreiion,  and  to  any  moderate  distance.  It  is  represented  as 
|ihced,  when  in  actual  use,  within  the  bars  of  a  common  fire- 
Sr.ile,  fiR.  66,  a,  A." 

For  receiving  the  piases.  glass  jars,  of  various  sizes,  figs.  5S,  C7  ^ 
and  6S.  are  required,  some  of  which  should  be  furnished  wilh  i 
neck*  at  ihe  lop,  fitted  with  ground  stoppers.  Others  should  be 
provided  wilh  brass  caps,  and  screws,  lor  the  reception  of  air- 
cochi.  fig.  69.  Of  tliese  last,  (the  air-cocks)  fig.  70,  several  will 
be  found  necessary  ;  and,  to  some  of  lliem  bladders,  fig.  71,  or 
elastic  bottles,  should  be  firmly  tied,  for  the  purpose  of  trans- 
ferring gases.  These  jars  will  also  be  found  extremely  useful 
I  in  experiments  on  the  properties  and  eSticts  of  the  gases.  Same 
of  them  thauld  be  graduated  into  cubical  inches,  figs.  69  and  72. 
To  contniii  these  jars,  when  in  use,  a  vessel  will  be  necessa- 
ry, capable  of  holding  a  few  gallons  of  water.  This  may  either  J  ^ 
be  of  wood,  6g.  C7,  A,  if  of  considerable  size ;  or,  if  small,  of  ^ 
tin,  jap;)nned  «r  painted.  Fig.  67, yy  exhibits  a  section  of 
ihLf  apparatus,  which  has  been  termed  the  pneumato-chtmicai 
Uough,  or  pneumittic  cistern.  Its  size  may  vary  with  that  of 
thejara  employed;  and,  about  two  or  three  inches  from  the 
lop.  it  should  hrtve  a  shelf,  on  which  the  jars  may  be  placed, 
when  filled  with  air,  vvithout  the  risk  of  being  overset.  Iji  this 
ihcif  should  be  a  few  small  holes,  fig.  71,  to  which  inverted 
funnels  may  be  soldered  t 

A  glass  tube,  dbout   18  inches  long,  and  three  quarters  of  an  Ondmn 
inch    diameter,  fig.  72,    closed  at  one    cud,  and  divided    into  '^"■*"^ 
cubic  inches  and  tenths  of  inches,  will  be  required  for  ascertain- 
inH  the  purity  of  air  by  nitrous  gas.      It  should  be  accompanied 
also  with  a  small    measure,  containing  about  two  cubic  inches, 
)od  similarly  graduated.     For  employing  the  solution  of  nitrous 
ru  in  liquid  sulphaie  of  iron,  glass  lubes,  about  five    inches 
long,  and  half  an    inch  wide,  divided  decimally,  are  also  neces- 
sary.    Besides  these,  the  experimentalist  should    he  furnished 
with  air  funnels,  fig.  2i,  for  transferring  gases  from  wide  to  nar-  pi.  i. 
row  vessels, 

24S.   An  apparatus,  almost  indispensable  in  experiments  on 
this  class  of  bodies,  is  a  gazometek,  which  enables  the  chemist  Q.»»ittaf. 
to  collect  and  to  preserve  large  quantities  of  gas,  with  the  aid 
of  only  a  few  pounds  ol  water.     In  the  form  of  this  apparatus 
there  is  considerable  variety  ;  but,  at  present,  I  have  no  other     ^ 
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lew  than  that  of  explaining  ils  general  conslruction  and  use. 
It  consists  of  an  outer  fixed  vessel  d  (fig.  H)  and  an  inner 
moveable  one  c,  bull)  of  Japanned  iron.  The  latter  slides  easily 
up  and  down  within  the  other,  and  is  suspended  by  cords  pass- 
ins^  over  pulleys,  to  which  are  attached  the  counterpoise,  «, 
To  avoid  the  incumbrance  of  a  great  weight  of  water,  the  outer 
vessel  d  is  made  double,  or  is  composed  of  two  cylinders,  the 
inner  one  of  which  is  closed  at  the  lop  and  at  the  bottom.  The 
space  ofonly  about  half  an  inch  is  left  between  the  two  cjlio- 
ders.  as  shown  by  the  dotted  lines.  In  this  space,  the  vessel  c 
may  move  freely  up  and  down,  The  interval  is  filled  with  water 
as  hijiih  as  the  top  of  the  inner  cylinder.  The  cup,  or  rim,  at  the 
top  of  the  outer  vessel,  is  to  prevent  the  water  from  overflow- 
ing, when  the  vessel  c  is  forcibly  pressed  down,  in  which  situ- 
ation it  is  placed,  whenever  gas  is  about  to  be  collected.  The 
gas  enters  from  the  vessel  in  which  it  is  produced,  by  the  com- 
mtinicaling  pipe  6,  and  passes  along  the  perpendicular  pipe, 
marked  by  dotted  lines  in  the  centre,  into  the  cavity  of  the 
vessel  c,  which  continues  rising  till  It  is  full. 

To  transfer  the  gas  or  to  apply  it  to  any  purpose,  the  cock  A 
is  to  be  shut,  and  an  empty  bladder,  or  bottle  of  elastic  gum, 
furnished  with  a  stop  cock,  to  be  screwed  on  a.  When  the 
vessel  c  is  pressed  down  with  the  hand,  the  gas  passes  down 
the  central  pipe,  which  it  had  before  ascended,  and  its  es- 
cape a)  b  being  prevented,  it  tinds  its  way  up  a^ipe  which  is 
fixed  to  the  outer  surface  of  the  vessel,  and  which  is  terminated 
by  the  cock  a.  By  means  of  an  ivory  mouth-piece  screwed 
upon  this  cock,  the  gas,  included  in  the  instrument,  may  be 
respired  ;  the  nostrils  being  closed  by  the  fingers.  When  it  is 
required  to  transfer  the  gas  into  glass  Jars  standing  inverted  in 
water,  a  crooked  tube  may  he  employed,  one  end  of  which  is 
screwed  upon  the  cock  6;  while  the  other  aperture  is  brought 
under  the  inverted  funnel,  fixed  into  the  shelf  of  the  pneumatic 
trough.      (See  fig,  67.) 

Several  alterations  have  been  made  in  the  form  of  this  appa- 
ratus ;  but  they  are  principally  such  as  add  merely  to  its  neat- 
ness and  beauiy.  and  not  to  ils  uldity  j  and  they  render  it  less 
easy  of  explanation.  The  counterpoises  ee  are  now,  generally, 
concealed  iu  the  framing,  and  the  vessel  c  is  frequently   made 

249.  When  large  quantities  of  gas  are  required,  {as  at  a  public 
lecture),  the  gas-holder,  (fig.  75)  will  be  found  extremely  useful. 
It  is  made  of  tinned  iron-plate,  Jappanned  both  within  and  with- 
out. Two  short  pipes,  a  and  c,  terminated  by  cocks,  proceed 
from  its  sides,  and  another,  b,  passes  through  the  middle  of  the 
top  or  cover,  to  which  it  is  soldered,  and  reaches  within  halfaa 
inch  of  the  bottom.  It  will  be  found  convenient  also  to  have 
an  air-cock  with  a  very  wide  bore,  fixed  to  the  funnel  at  b. 
When  gas  is  to  be  transferred  into  this  vessel  from  the  gazom- 
eter,  the  vessel  is  first  completely  filled  with  water  through  the 
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'biiDel,  the  cock  a  being  left  opeD,  and  e  ihut  By  idmbi  of  a 
Wixonul  pipe,  the  ■pertara  a  ia  eonaeeted  with  a  of  tha 
pMuicicr.  The  cock  b  bung  afaut,  a  aod  e  are  open,  and  the 
f«»el  c  of  the  gazomet^  (fig.  74,)  gently  pmaed  downmrda 
irith  the  hnml.  The  gM  then  deaeeoda  woin  tbe  gafometer  tilt 
the  air-hokler  is  full,  arliieh  may  be  known  by  the  water  ceaa- 
fai^  to  escape  throui^h  the  oock  e.  All  the  cocka  are  then  to  be 
tiiiit,  and  the  vessel  itiaunited.  To  apply  thia  gaa  to  any  pur- 
pose, an  empty  blaJHer  nay  be  aerewed  on  a;  and  %nter  being 
Eiurcd  thruu<;~h  the  fiiooel  b,  a  eorteaponding  quantity  of  gaa" 
recti  iutti  the  hladdtiT'  By  lengthening  toe  pipe  b,  tbe  prea- 
nrc  of  a  rolumn  of  inter  may  be  added  ;  and  the  gaa,  being 
Jbreed  through  a  with  eonaiderable  Telocity,  may  be  applied  to 
Iba  purpoee  of  a  blowpipe,  Ac.  lie.  The  ipparatus  idmita  of  a 
.  nriaty  of  modifieationa.  Tlie  moat  naaful  one  appean  to  me 
I  to  be  that  eontriTed  by  Mr  Pepya,  eoaaiating  chiefly  in  the  ad- 
ditioii  ofaahalloweiBtera(fig.  66,  e)  to  the  top  of  the  air-holder, 
and  of  a  gJaM  Tegiiler  tube  /,  which  ahows  the  height  of  the 
water,  and  cooaequently  the  qaantity  of  gai,  in  the  Teasel. 
When  ajar  ia  intended  to  be  filled  with  k**  from  tbe  reaerroir, 
it  ia  placed,  filled  with  water,  and  inverted  in  the  cistern  e, 
'T\m  coeka  1  and  S  being  opened,  the  water  descendf  through 
tka  pipe  attached  to  the  latter,  and  the  gas  rises  through  the 
latk  t.  By  raiaing  the  ciatern  a  to  a  greater  elevation,  any 
de^ee  of  pressure  may  be  obuined  ;  and  a  blow-pipe  may  Im 
•oewed  on  the  cock  at  the  left  aide  of  tiie  vessel. 

The  gazometer,  already  described,  is  fitted  only  for  the  recep- 
tion of  gases  that  are  confioable  by  water ;  because  quicksilver 
would  act  on  the  tinning  and  solder  of  ihe  vessel,  and  would 
not  only  be  spoiled  itself,  but  would  destroy  the  apparatus. 
Yet  an  instrument  of  this  kind,  in  which  mercury  can  be  em-  j,,^ 
ployed,  is  peculiarly  desirablei  on  account  of  ihe  f^reat  weight  c"' 
of  that  fluid  ;  and  two  varieties  of  the  mercurial  ^azumeter  have 
therefore  been  invented.  In  that  invented  by  Mr  Pepys,  the 
cistern  for  the  mercury  is  of  cast-iron.  Mr  Newman  has  lately 
joined  a  gazometer  of  this  kind  to  an  improved  mercurial 
tn>u;;h,  by  means  of  which  the  advanta^s  of  both  are  obtained 
with  only  60  or  70  pounds  of  quicksilver,'  (fig.  76.)  pi.) 
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250,  For  those  gases  that  are  absorbed  by  water,  a  mercurial 
trough  is  necessary.  For  the  mere  exhibition  ol'a  few  exjwri- 
ments  on  these  condensible  gases,  a  small  wooden  Irouffh, 
eleven  inches  lon^,  two  wide,  and  two  deep,  cut  out  of  a  soJitl 
block  of  mahogany,  (or  soapstone)  is  sufficient,     H.  I. 

251,  The  apparatus,  required  ybr  submitting  gases  to  the 
action  of  eleclriciti/,  is  shown  in  fig.  77  ;  where  a  represenis 
the  knob  of  the  prime  conductor  of  an  electrical  machine  ;  h,  a 

,  Loydciijnr,  the  ball  of  which  is  in  contact  with  it,  as  when  in 
''  the  act  of  charging ;  and  c,  the  tube  standing  inverted  io  mer-  , 
cury,  and  partly  filled  with  gas.  The  mercury  is  contained  in 
a  sirong  wooden  box  d,  to  which  is  screwed  the  upright  iron 
pillar  e,  with  a  sliding  collar  for  securing  the  tube  c  in  a  per- 
pendicular position.  When  the  jar  b  is  charged  to  a  certain 
intensity,  it  discharges  itself  between  the  knob  a  and  the  small 
hall  1,  which,  with  the  wire  connccied  with  it,  may  be  occa- 
sionally filled  on  the  lop  of  the  tube  c.  The  strength  of  the 
shocks  is  regulated  by  the  distance  between  a  and  (. 

By  the  same  apparatus,  Infiamniablo  mixtures  of  gases  may 
be  exploded  by  electricity.  In  this  case, 'however,  the  jar  b  is 
uiineceesary,  a  spark  received  by  /  from  a  being  sufficient  to 
kindle  the  mixture. 

252,  Previously  to  undertaking  experiments  on  the  gases,  it 
may  be  well  for  an  unpractised  ex|>erimentalist  to  accustom 
himself  to  the  dexterous  management  of  gases,  by  transferring 
common  air  from  one  vessel  to  another  of  different  sizes. 

1.  When  a  glass  jar,  closed  at  one  end,  is  filled  with  water, 
and  held  with  its  mouth  downwards,  in  however  small  a  quan- 
tity of  water,  the  fluid  is  retained  in  Us  place  by  the  pressure 
of  the  atmosphere  on  the  surface  of  the  exterior  water.  Fill  in 
Ibis  manner,  and  invert,  on  the  shelf  of  the  pneumatic  trough, 
one  of  the  jars,  which  is  furnished  with  a  stopper  (fig.  58).  The 
water  will  remain  in  the  jar  so  long  as  the  stopper  is  closed  ; 
but  immediately  on  removing  it,  the  water  will  descend  to  the 
same  level  within  as  without;  for  il  is  now  pressed,  equally 
upwards  and  downwards,  by  the  atmosphere,  and  i'alls  therefoi'C 
in  consequence  of  its  own  gravity. 

2.  Place  the  jar,  filled  with  water  and  inverted,  over  one  of 
the  fuhnels  of  the  shelf  of  the  pneumatic  trough.  Then  take 
another  jar,  filled  (as  it  will  be  of  course}  with  atmospherical 
air.  Place  the  latter  with  its  mouth  on  the  surface  of  Ihe  water; 
and  on  pressing  it  in  the  same  position  below  the  surface,  the 
included  air  will  remain  in  its  situation.     Bring  the   mouth  of 
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the  jar  beneath  the  funnel  in  the  shelf,  and  incline  it  gradually. 
The  air  will  now  rise  in  bubbles,  through  the  funnel,  into  the 
upper  jar,  and  will  expel  the  water  from  it  into  the  trough. 

3.  Let  one  of  the  jars,  provided  with  a  stop-cock  at  the  top,  DirccUou  for 
be  placed  full  of  air  on  the  shelf  of  the  trough.     S^rew  upon  it  p"^^"- 

an  eoipty  bladder  ;  open  the  communication  between  the  jar  and 
the  bladder,  and  press  the  former  into  the  water,  fig.  71.  The 
air  will  th^  pass  into  the  blad'^er,  till  it  is  filled  ;  and  when 
the  bladder  ia  removed  from  the  jar,  and  a  pipe  screwed  upon 
it,  the  air  may  be  again  transferred  into  a  jar  inverted  in  water. 

4.  For  the  purpose  of  transferring  gases  from  a  wide  vessel 
standing  over  water,  into  a  small  tube  filled  with  and  inverted 
in  mercury,  I  have  long  used  the  following  contrivance  of  Mr 
Cavendish.  A  tube,  eight  or  ten  inches  long.,  and  of  very  small 
diameter,  is  drawn  out  to  a  fine  bore,  and  bent  at  one  end,  so 
as  to  resemble  the  Italic  letter  /.  The  point  is  then  immersed 
in  quicksilver,  which  is  drawn  into  the  tube  till  it  is  filled,  by 
the  action  of  the  mouth.  Placing  the  finger  over  the  aperture 
at  the  straight  end,  the  tube  is  next  conveyed  through  the  wa- 
ter, with  the  bent  end  uppermost,  into  an  inverted  jar  of  gas. 
When  the  finger  is  removed,  the  quicksilver  falls  from  the  tube 
into  the  trough,  or  into  a  cup  placed  to  receive  it,  and  the  tube 
is  filled  with  the  gas.  The  whole  of  the  quicksilver,  however, 
must  not  be  allowed  to  escape  ;  but  a  column  must  be  left,  three 
or  four  inches  long,  and  must  be  kept  in  its  place  by  the  finger. 
Remove  the  tube  from  the  water ;  let  an  assistant  dry  it  with 
blotting  paper ;  and  introduce  the  point  of  the  bent  end  into 
the  aperture  of  the  tube  standing  over  quicksilver.  On  with- 
drawing the  finger  from  that  aperture  which  is  now  uppermost, 
the  pressure  of  the  column  of  quicksilver,  added  to  the  weight  ^ 
of  the  atmosphere,  will  force  the  gas  from  the  bent  tube  into  / 
the  one  standing  in  the  mercurial  trough.  - — ^.  ' 

253.  The  method  of  weighing  gases  is  very  simple,  and  Method  of 
easily  practised.     For  this  purpose,  however,  it  is  necessary  to  gi'S"*' 
be  provided  with  a  good  air-pump ;  and  with  a  globe  or  flask, 
furnished  with  a  brass  cap  and  air-cock,  as  shown  fig.  69,  b,     A 
graduated  receiver  is  also  required,  to  which  an  air-cock  is 
adapted,  as  shown  at  a. 

Supposing  the  receiver  a  to  be  filled  with  any  gas,  the  weight  pi.  s. 
of  which  is  to  be  ascertained,  we  screw  the  cock  of  the  vessel 
h  on  the  transfer  plate  of  an  air-pump,  and  exhaust  it  as  com- 
pletely as  possible.  The  weight  of  the  exhausted  vessel  is  then 
very  accurately  taken,  even  to  a  small  fraction  of  a  grain ;  and 
it  is  screwed  upon  the  air-cock  of  the  receiver  a.  On  opening 
both  cocks,  the  last  of  which  should  be  turned  very  gradually, 
the  gas  ascends  from  the  vessel  a ;  and  the  quantity,  which 
enters  into  the  flask,  is  known  by  the  s^raduated  scale  on  a.  On 
weighing  the  vessel  a  second  time,  we  ascertain  how  many 
grains  have  been  admitted.  If  we  have  operated  on  common 
air,  we  shall  find  its  weight  to  be  at  the  rate  of  about  30,5  grains 
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to  100  cubic  inches.     The  same  quantity  of  oxygen  gas  will 
weigh  about  34  grains,  (33,888S  T.)  and  of  carbonic  acid  gas, 
upwards  of  47  grains,  (46,5972  T.) 
,n„.        254.  In  experiments  of  this   kind,  it  is  necessary  either  to 
'u'''    operate   with  the  barometer  at  30  inches,  and  ihe  thermometer 
at  60°  Fahrenheit,  or  to  reduce  the  volume  of  gas  employed  to 
that  pressure   and   temperature,    by  rules  which  are  given  be- 
low.*    Great  care  is  to  be  taken,  also,  not  to  warm  any  of  the 
vessels  by  contact  with  the  hands,  from  which  they  should  be 
T>...^feaded  by  a  glove.     On  opening  the  communication  between 

•aula  fir  nJ-tcixg  lit    Co/uni.  nf  Oiur,   la  a  wmi.  Hr-iil  of  1*.  Bitntmiltr.    and   nu. 
i.  fVom  It>  ipui  Mci>p<<i(  (y  any  fundi;  i/ch  ffJira^otirrvrHefraafpritntri.t'itifir 
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•nd  the  ahansted  globe,  if  any  water  be  lodged 
air«oek  attaebed  to  the  fonner,  it  will  be  forcibly  driven 
tfcmglobeyaDd  the  experiment  will  be  fruatrafed.  Thia 
iMf  he  a[?oided  bjr  aaiBg  ipeat  care  in  filUog  the  receiver  with 
waeary  befinre  paaaing  into  it  the  gaa  ander  ezaitaination. 

MHu  The  apeeifie  gravity  of  any  gaa  compered  with  common  iMgaafa*- 
efer  ilr  vli^9|y  known,  when  we  have  once  determined  iti  abao-  ^S!^!^ 

iTiuay  if  100  cubic  inchea  of  air  weigh  30,5  graina,  ''^  ^ 
quantity  of  oxygen  gaa  we^^  83,6888  graina, 

80,5  :  89|S888  :  :  1,000  :  1,1111. 
The  qiaeifie'gravity  pf  oxygen  gaa  will  therefore  be  aa  1,1111 
to  1^000.  We  may  determine,  alao,  the  apeeifie  gravity  of  gaaea, 
motm  aimidy,  by  weighing  the  flaah,  firat  when  full  of  common 
air,  end  agpdn  when  exha'uated ;  and  afterwarda  by  admitting 
into  it  aa  much  of  the  gaa  under  examination  as  it  will  receive  $ 
alMi  weighing  it  a  third  time.  Now  aa  the  loaa  between  the  firat 
end  eeeond  weighin|;  ia  to  the  gain  of  weight  on  admitting  the 
gaa,  eo  ia  common  air  to  the  gaa  whoae  apeeifie  gravity  we  are 
aetimating.  Soppoaing  for  example,  that  by  exhanating  the 
it  kSaa  30,5  graina,  and  that  by  admittiiq;  carbonic  acid  it 
46,5973 ;  then 

30,5  ». 46,5973  :  :  1,000  :  1,5377. 
apeeifie  gravity  of  carbonic  acid  ia  therefore .  1,5377,  air 
taken  at  1,000.  And  knowing  its  specific  gravity,  we 
,  without  any  fiirther  experiment,  determine  the  weight  of 
100  cubic  inches  of  carbonic  acid ;  for  as  the  specific  gravity  of 
air  b  to  that  of  carbonic  acid,  so  is  30,5  to  the  number  requir- 
ed ;  or 

1,000  :  1,5277  :  :  30,5  :  46,5948. 
One  hundred   inches  of  carbonic  acid,  therefore,  will  weigh 
46,5948  grains.    H.  1.  21. 


Section  II.     0/  Oxygen. 

356.  Oxygen  has  never  been  obtained  in  a  state  of  complete 
leparation.     In  the  state  of  gas,  it  is  combined  with  caloric,  and 
probably  with  light  and  electricity.     It  was  discovered  in  1774  Time"  of  du- 
by  Dr  Priestley  who  gave  it  the  name  of  dephlogisiicated  air.  *^*^*'^* 

257.  This  gas  may  be  obtained  from  various  substances.     1.     Method  of 
From  the  black  oxide  of  manganese,  heated  lo  redness  in  a  gun-  J^^n"jj£."" 
barrel,  or  in  an  iron  retort ;  or  from  the  same  oxide,  heated  by  a 
lamp  in  a  retort,  fig.  67,  c,  or  gas  bottle,  fig.  65^  with  half  its  weight  pi.  s. 
of  strong  sulphuric  acid.     One  pound  of  manganese  is  capable  of        ' 
furnishing  from.  40  to  50  wine  pints  of  gas.     But  as  manganese 
is  often  contaminated  with  a  small  proportion  of  carbonate  of 
lime,  it  ijs  advisable,  before  using  it,  to  wash  it  with  muriatic 


acid  diluted  with  15  or  20  parts  of  water;  then  with  distilled 
waler  ;  and  afterwards  to  dry  it  at  a  moderate  heal. 

2.  From  the  red  oxide  o(  lead  (the  common  red  lead)  used 
by  painters,  healed  either  with  or  without  half  its  weight  of 
cor.  enlraled  sulphuric  acid. 

3.  From  various  other  oxides,  as  (vill  be  hereafter  mentioned. 

4.  From  nitrate  of  potash  (common  saltpetre)  made  red-hot 
in  a  gun-harrel,  or  in  a  coated  earthen  retort. 

5.  From  chlorate  of  potash,  heated  in  a  small  glass  retort, 
over  an  Arpand's  lamp.      The   oxygen  gas  thus    produced  ii 
much  purer  than  that  obtained  in  any  other  mode,  especiaitf    i 
the  last  portions,  which  should  he  kept  separate.      It  will  be 

und,  also,  to  he  much  less  conlaminalcd  with  common  air,  if    i 
heated  in  a  small  matrass,  which  is  best  when  ol  green  glass.    ' 
The  chlorate  of  potash  may  be  introduced  while  the  tube  it    ' 
straight,  which  allows  us  to  make  use  of  one  of  very  small 
diameter,  after  this  it  may  be  bent  by  a  spirit  lamp,  as  in  fig.  49. 

258.  All  these  substances,  after  having  yielded  oxygen  gas,    ] 
are  found  considerably  diminished  in  weight;  and  calculating 
each  cubic  inch  of  gas  to  be  equal  to  one-third  of  a  grain,  the 
loss  of  weight  will  be  found  pretty  exactly  equivalent  to  that 
of  gas  generated. 

259.  Oxygon  gas  is  insipid,  colourless  and  inodorous.  It  ii 
so  sparingly  absorbed  by  water,  that  when  agitated  in  contact 
with  it,  no  perceptible  diminution  takes  place.  It  is  rather  hea- 
vier than  common  atr ;  its  specific  gravity  is  16,  hydrogen  being 
assumed  =  1.*  100  cubical  inches  at  mean  temperature  and 
pressure  Weigh  33,S888  grains.  (T.) 

260.  It  refracts  the  rays  ol  light  less  than  any  other  gM. 
When  suddenly  and  strongly  compressed,  not  only  heat  is  evolv- 
ed, but  the  gas  becomes  luminous,  a  property  belonging  to  no 
other  simple  gas  except  chlorine.  H.  1.  207. 

261.  It  is  a  powerful  supporter  of  respiration  and  combustion. 
A  small  animal,  confined  in  oxvgen  gas,  lives  thrice  as  long  as 
when  confined  in  the  same  hulk  of  common  air. — This  effect 
seems  connected  with  the  absorption  of  oxygen  by  the  bloods 
— Pass  up  a  little  dark-coloured  blood  into  a  jar  partly  filled  with 
oxygen  gas,  and  standing  over  mercury.  The  gas  will  be  ia 
part  absorbed,  and  the  colour  of  the  blood  will  be  changed  lorn 
bright  and  florid  red.  This  change  to  red  may  be  shown,  by 
putting  a  little  blood  into  a  common  vial  filUed  with  oxygen 
gas,  and  shaking  it  up.     H. 

262.  All  combustible  bodies  burn  in  oxygen  gas  with  greatly 
increased  splendour. 

A  lighted  wax  taper,  fixed  to  an  iron  wire,  and  plunged  into 
a  vessel  of  this  gas,  burns  with  great  brilliancy,  fig.  50.  If 
the  taper  be  blown  out,  and  let  down  into  a  vessel  of  the  gas 
while  the  snuiT  remains  red-hot,  it  instantly  rekindles,  with  a 
slight  explosion. 

•  tu  ipiclGc  iniiif  ucoi-d.ni  lo  the  l>u>l»iifrimFiiu  tf  ThcmicD,  \i  t.ni  1,  ihii  dI  cgmoiin  h 


A  ied JwC  bit  of  ehmotl,  ftstened  to  a  copper  wire,  and  im-  '■l^ 
■Mied  in  the  gas,  Ihrowa  out  beautifal  sparks. 
•  TIm  licbt  oTidiosplionis,  burnt  in  this  gas,  is  tbe  brightest  >>p- 
flMt  eaa  be  in  uy  mode  produeed.  If  we  except  perfaqis 
ignition  of  diareoal  by  Toltaie  electricity.  Let  the  phosphdms  ^ 
be  plaeed  in  a  small  hemispherical  tin  cnp,  which  may  be  raised^^^ 
by  laeMM  of  the  wire  standi  fig.  36,  two  or  three  inches  abo?e  pks. 
the  surlheCjaC  water  contained  in  a  broad  shallow  dish.  Fill  a 
befl  ahepcyieceiTer,  hcTing  an  open  neck  at  the  top,  to  which 
m  ala|ipef  is  groond,  with  oxygen  gas ;  and,  as  it  stands  inverted 
in  wteg,  praas  a  circular  piece  of  pastelxMurd,  rather  exceeding 
llie  jar  in  diameter,  over  its  mouth.  Cover  the  pbosphoms 
instantly  with  the  jar  of  oxygen  gas,  retaining  the  pasteboard 
in  its  place,  till  the  jar  is  immediately  over  the  cop.  When 
this  has  been  skilfolly  managed,  a  very  small  portion  only  of 
the  gas  will  escape.  The  stopper  may  now.  be  removed,  when 
Hm  water  will  rise  to  the  same  level  within  as  without  the  jar, 
and  the  phosphorus  may  be  kindled  by  a  heated  copper  wire* 

SnhstiUite  li#  Him  phosphorus  a  small  baU  formed  of  tiimings  ^^ 
nf  am,  in  wht  A  about  a  grain  of  phMphorus  is  to  be  enclosed. 
Betfireto  the  phonhorus  aa  befisre.    The  zinc  will  be  inflamed,  of  iIm  aps 
and  will  born  with  a  beautiful  white  light    A  similar  experi-  **^ 
-     "may. be  made  with  metallic  iuraenic,  which  may bemoist- 
wlth  spirit  of  turpentine.    The  filings  of  various  metals 
abo  be  inflamed,  by  placing  them  in  a  small  cavity,  formed 
in  a  piece  of  charcoal,  igniting  the  charcoal,  and  blowing,  on 
tibe  part  containing  the  metali  a  stream  of  oxygen  gas  from  a 
Uadoer,  or  the  gas-holder,  fig.  66,  d. 

Procure  some  thin  harpsichord  wire,  and  twist  it  round  a  £,p, 
slender  rod  of  iron  or  glass,  so  as  to  coil  it  up  in  a  spiral  form. 
Then  withdraw  the  rod,  and  tie  a  little  thread  or  flax  round 
one  end  of  the  wire,  for  about  one  20th  of  an  inch  ;  which  end 
is  to  be  dipped  into  melted  sulphur.  The  other  end  of  the 
wire  is  to  be  fixed  into  a  cork ;  so  that  the  spiral  may  hang 
vertically  (fig.  78).  Fill,  also,  with  oxygen  gas,  a  bottle  capa- 
ble of  holding  about  a  quart,  and  set  it  with  its  mouth  upwards. 
Then  light  the  sulphur  and  introduce  the  wire  into  the  bottle  of 
gas,  suspending  it  by  the  cork.  The  iron  will  burn  with  a 
most  brilliant  Tight,  throwing  out  a  number  of.  sparks,  which 
fall  to  the  bottom  of  the  bottle,  and  generally  break  it.  This 
accident,  however,  may  frequently  be  prevented  by  pouring 
sand  into  the  bottle,  so  as  to  lie  about  half  an  inch  deep  on  the 
bottom.  According  to  Mr  Accum,*  a  thick  piece  of  iron  or 
steel,  such  as  a  file,  if  made  sharp  pointed,  may  be  burnt  in 
oxygen  gas.  A  small  bit  of  wood  is  to  be  stuck  upon  its  extrem- 
ity, and  set  on  fire,  previously  to  immersion  in  the  gas. 

A  little  of  Romberg's  pyrophorus,  a  substance  to  be  hereafter  Eip. 
described,  when  poured  into  a  bottle  full  of  this  gas,  immedi- 
ately flashes  like  inflamed  gunpowder.    H.l.  208. 

*mekolfM*s  Joaraal.  fro.  i.  330.  v 


't-     ^63.  During  every  combuslion  In  oxy^^n  gas,  the  gas 
,J^~  a  considerable  diminution. — To  exhibit  ihia,  experimentally 
—   a  manner  peHectly  free  from  all  sources  of  error,  would 
such  an  apparatus  as  few  beside  adepts  in  chemistry  are  111 
to  possess.     The  apparatus  required  for  this  purpose  isdi 
ed  in  the  6th  chapter  of  Lavoisier's  Elements.     The  fact 
however,  be  shown,  less  accurately  by  the  combustion  of  pi 
phorus,  in  the  manner  which  has  been  already  described, 
first  effect  of  the  combustion  will  be  a  depression  of  the        _ 
within  the  jar  ;  but  when    the  combustion  has  censed,  and  Um 
vessel  has  cooled,  a  considerable  absorption  will  be  found  lo 
have  ensued. 

Those  persons  who  are  possessed  of  a  mercurial  apparatus 
may  repeat  this  experiment  in  a  less  exceptionable  manner.  On 
the  surface  of  the  quicksilver,  let  a  small  hemispherical  cup 
float,  made  of  untinned  sheet-iron ;  and,  in  order  to  keep  ii  from 
the  sides  of  the  jar,  it  may  rest  on  a  wire  stand,  shaped  like  tlw 
figure  21.  Let  a  jar,  the  height  and  diameter  of  which  must  ^ 
be  regulated  by  the  size  of  the  mercurial  trough,  he  filled  with 
oxygen  gas  over  water  and  be  removed,  by  means  of  a  piece  of 
pasteboard,  as  before  described,  to  the  mercurial  bath,  inverting 
it  dexterously  over  the  tin  cup.  If  the  phosphorus  had  been 
previously  set  on  fire,  a  lar^e  quantity  of  the  gas,  expanded  by 
the  heat,  would  have  escaped,  and  would  have  prevented  Uw 
accurate  measurement  of  the  absorption.  After  drying  the 
surface  of  the  mercury  within  the  jar  by  blotting  paper,  a  pop 
lion  of  the  included  gas  must,  therefore,  be  removed.  This  is 
done  by  an  inverted  syphon,  one  leg  of  which  is  lo  be  inlr(h 
duccd  (in  the  same  manner  as  is  shown  at  fig.  79,  ,§■)  within  the 
jar,  before  placing  it  over  the  mercury;  and  the  gas  will  be 
forced  through  the  open  extremily  of  the  other,  when  the  jar  is 
pressed  down  into  the  quicksilver.  When  the  proper  quantity 
has  been  expelled,  remove  the  syphon.  The  cup  containing  the 
phosphorus,  will  thus  rest  on  the  surface  of  the  quicksilver 
within  the  jar,  and  above  the  level  of  the  mercury  without. 
The  phosphorus  is  to  be  inflamed  by  passing  a  crooked  iron 
wire,  made  red  hoi,  through  the  quicksilver.  On  the  first  im- 
pression of  ihe  beat,  arising  from  its  combustion,  the  included 
gas  will  be  considerably  expanded  ;  but,  when  the  phosphorus 
has  ceased  to  burn,  a  considerable  absorption  will  he  found 
to  have  taken  place,  the  amount  of  which  may  be  mei- 
sured  by  ascertaining  the  height  of  tiie  quicksilver,  within  the 
jar,  before  and  afler  the  experiment.  The  quanlity  of  phospho- 
rus employed  should  be  very  small,  and  should  not  hear  a 
greater  proportion  than  that  of  10  grains  to  each  pint  of  gas; 
otherwise  the  combustion  will  go  on  so  far  as  lo  endanger  tha 
y  breaking  of  the  jar,  by  the  approach  of  the  inflamed  phosphorus. 
/-  in  this  process,  a  white  dense  vapour  is  produced,  which 
condenses  on  the  inner  surface  of  the  jar  in  solid  flakes.  Thit 
substance  has  strongly  acid  properties;  and,  being  formed  by 


■union  of  oxygen  with  phosphorus,  h  termed  the  phosphoric 

i64.  The  iliminution  of  the  volume  of  oxy6;en  gas,  by  (he 
oorabustioti  of  other  hodiea,  may  be  ascertaiiiciJ  in  a  similar 
miDDer.  When  the  substance  employed  is  not  easily  set  on 
fin:,  it  is  proper  to  enclose,  along  and  in  contact  with  it,  n  small 
bit  of  phosphorus,  the  combustion   of  which  ekciles  suHicient  jI' 

heat  to  iofiamG  iron-turnings,  charcoal,  &c.     In  the  instance  of  || 

charconl,  however,  though  that  substance  undergoes  combus-  ?i_ 

lion,  no  absorplion  ensues ;  because,  as  will  appear  in  the  sequel, 
the  proiluct  is  a  gas,  occupying  exactly  the  saoie  bulk  as  the 
oxygen  gBs  submitted  to  experiment.     H.  1.210. 

865.  The  phenomena  of  combustion  were  referred  bi 
and   his  BEsociates,  to  a  peculiar  principle  which  they  can 
pUiogiston  ;  it  was  supposed  to   exist  in  all  combustibles,  a.._    -j 
combuatioii  was  said   to  depend  upon  its  separation ;  but  this    ^L_ 
explanation  was  absurdly  at  variance  with  the  well-known  fact, 
that  bodies  during  combustion  increase  in  weight. 

3K6.  All  bodies,  by  combustion  in  oxygen  gas,  acquire  an  Bodiciio. 
addition  lo  their  weight ;  and  that  the  increase  is  in  proportion  {.'^iVbt.'' 
to  the  quantity  of  gas  absorbed,  viz.  about  one  third  of  a  grain 
for  every  cubic  inch  of  gas, — To  prove  this  by  experiment, 
requires  also  a  complicated  apparatus. 

But  sufGcient  evidence  of  this  fact  may  be  obtained  by  the  f 
foUowiog  very  simple  experiment.  Fill  the  bowl  of  a  tobacco-  c.p. 
pipe  with  iron  wire  coiled  spirally,  and  of  known  weight :  let 
the  end  of  the  pipe  be  slipped  into  a  brass  tube,  which  is  screw- 
ed to  a  bladder  filled  with  oxygen  gas:  heat  the  bowl  of  the 
pipe,  and  its  contents,  to  redness  in  the  fire,  and  then  force 
tbrough  it  a  stream  of  oxygen  gas.  from  the  bladder.  The  iron 
wir*  nil]  burn;  will  be  rapidly  oxidized;  and  will  be  found, 
wbeo  weighed,  to  be  considerably  heavier  than  before.  When 
completely  oxidized  in  thia  mode,  100  parta  of  iron  wire  gain  | 
an  addition  of  about  30.  ^J^. 

S67.  Afler  the  discovery  of  oxygen  gas,  it  was  adopted  by  -j^,      ^ 
IitToiaivas  the  universal  supporter  of  combustion.     The  basis  Lirowor. 
of  Um  gas  waa  supposed  to  unite  to  the  combustible,  and   the 
beat  sod  light  which  it  before  contained  in  the  gaseous  state, 
were  slid  to  be  evolved  in  the  form  of  flame.     Bui  in  this  case, 
several  requisites  are  not  fulfilled ;  the  light  depends  upon  the  iiHiecieiK. 
tOBbmtibfe,  and  not  upon  the  quantity  of  oxygen  consumed; 
and  there  are  very  numerous  instances  of  combustion  in  which  - 
MygBB,  iastead  of  being  solidified,  becomes  gaseous  during  the 
optntioo  ;  and,  lastly,  in  others,  no  oxygen  whatever  is  pre-  coirb«t:.<> 
■UL     CombustioD)  therefore,  cannot  be  regarded  as  dependent  ^^Vm  ^Ih 
upon  any  peculiar  principle  or  form  of  matter,  but  must  be  con-  J^ '-""J" 
fidered  as  a  general  result  of  intense  chemical  action.     It  may  k«i..i- 
be  connected   with  the  electrical  energies  «f  bodies;  for  all 
Indies  which  powerfully  act  upon  each  other,  are  in  the  oppo' 
site  electrical  states  of  positive  and  negative  ;  and  the  evolution 
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of  heat  and  light  may  depend  upon  the  annihilation  of  these 
opposite  states,  which  happens  whenever  they  combine.*  B. 
■  368.  The  substances,  capable  of  uniting  wiLb  oxygen,  Eiflbrd 
one  or  other  of  the  followinf;  products ;  1st,  an  acid  ;  2dly,  an 
alkali  or  earth.;  or  Sdly,  an  oxide. 

S69.  But  oxygen  is  not  essential  to  the  acidity  of  a  com' 
pound>  for  some  bodies  arc  rendered  acid  by  union  with  chlo- 
rine, others  by  hydrogen  ;  and  the  theory  of  Lavoisier  which 
considered  oxygen  as  the  essential  principle  of  acidity,  and  in 
conformity  to  which  its  present  name  was  assigned  to  itt  can 
no  longer  be  received  as  correct.  The  alkalis  and  earths  are 
chiefly  distinguished,  by  acting  as  bases,  with  which  the  acidi 
combine,  with  the  loss  generally  of  the  separate  characters  of 
each  (34).  In  some  respects  the  alkalis  agree  with  the  3d  clan 
of  compounds,  viz.  oxides. 

In  many  instances,  a  combustible  body,  which  afibrds  an  acid 
when  united  with  a  certain  quantity  of  oxygen,  gives  an  axidt 
when  combined  with  a  less  quantity ;  and  ihe  acid  may  be 
brought  back  lo  the  stale  of  an  oxide  by  separating  part  of  it* 
oxygen.  A  few  of  the  metals  also,  combined  with  a  small  pro- 
portion  of  oxygen,  give  oxides  capable  of  uniting  with  acids 
and  of  composing  saltx,  and  again  united  with  more  oxygen 
yield  an  acid  which  is  susceptible,  with  alkalis  and  earths,  o[ 
forming  saline  compounds.     H.  1.  212. 


SECTI0^f  III.     Of  Chlorine. 

270.  Chlorine  was  discovered  by  Scheele  in  1774;  it  w« 
called  by  him  dephlogisticated  marine  acid.  The  term  ozy- 
muriatic  acid  was  afterwards  applied  to  it  by  the  French 
chemists. 

271.  Chlorine  gas  may  be  formed  by  either  of  the  following 
1^  processes ; 

°~  1.  Into  a  stoppered  retort  introduce  eight  ounces  of  liquid 
muriatic  acid,  sp.gr.  I,l(i0.  and  four  ounces  of  finely  powdered 
manganese,  and  apply  the  heat  of  a  tamp,  A  gas  will  be  pro- 
duced which  may  be  received,  in  the  usual  manner  over  water, 
of  the  temperature  of  SO"  or  90°.  From  these  materials  about 
IfiO  cubical  inches  may  be  obtained. 

2.  Grind  together  in  a  mortar  eight  ounces  of  muriate  of  soda 
(common  salt)  with  three  ounces  of  powdered  manganese  ;  put 
them  into  a  stoppered  retort.  On  applying  a  gentle  heat,  gas  will 
be  produced,  as  in  process  1.  But  as  the  gas  is  absorbed  by  con- 
tact with  cold  water,  though  not  rapidly,  it  should  be  received. 
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when  it  is  intended  to  be  kept,  in  bottles  filled  with,  and  in* 
verted  in,  water  of  the  temperature  of  80°  or  90°  Fahrenheit, 
and  provided  with  accurately  ground  stoppers.  It  will  be  found 
also  much  to  diminish  the  loss  of  ^as  by  absorption,  if  it  be  Prop^^rtiei  of 
made  to  issue  from  a  gas  bottle,  the  tube  of  which  is  sufficiently  «^*°"°«- 
longj  to  reach  nearly  to  the  bottom  of  the  inverted  receiving 
bottle,  as  in  fig.  80.)  The  stopper  must  be  introduced  under 
water,  while  the  water  remains  quite  full  of  the  gas  and  invert- 
ed, and  no  water  must  be  left  in  the  bottle,  along  with  the  <;as.* 

272.  Chlorine  is  an  elastic,  gaseous   fluid,  it  has  a   pungent 
disagreeable  odour,  and  is  highly  injurious  when  respired  even  uci^*^*"* 
lai^ly  diluted  with  atmospheric  air.     Its  colour  is   greenish 
yellow,  hence  its  name.t 

273.  Chlorine  gas,  in  its  ordinary  state,  destroys  all  vegetable  DestroT> 
colours.     This  may  be  shown  by  passing,  into  the  gas  confined  wEm.'* 
by  water,  a  piece  of  paper  stained   with  litmus,  the  colour  of 
which   will  immediately  disappear.     Hence  the  application  of 

this  gas  to  the  purpose  of  bleaching,  its  power  of  effecting 
which  may  be  shown  by  confining,  in  the  gas,  a  pattern  of 
unbleached  calico,  which  has  been  previously  boiled  in  a  weak  Exp. 
solution  of  caustic  potash,  and  then  washed  in  water,  but  not 
dried.  Chlorine  gas,  however,  which  has  been  carefully  dried 
by  solid  chloride  of  calcium,  and  into  which  perfectly  dry  lit- 
mus paper  is  introduced,  produces  no  change  of  colour  in  the 
litmus,  a  sufficient  proof  that  its  bleaching  power  depends  on 
the  presence  and  decomposition  of  water.     H.  1.  215. 

274.  Dry  chlorine,  is  not  condensible  by  a  cold  of — 40°  F. ; 
but  either  the  moist  gas,  or  a  solution  of  chlorine  in  water, 
crystallizes  at  -|-  40.  The  crystals  may  be  obtained  by  intro- 
ducing, into  a  clean  bottle  of  the  gas,  a  little  water,  and  exposing 
the  bottle  for  a  few  days  to  a  temperature  at  or  below  freezing, 

in  a  dark  place.  A  solid  compound  of  chlorine  and  water  is  cJoH^i^f/ 
formed,  which,  in  a  day  or  two,  sublimes  and  shoots  into  delicate 
prismatic  needles,  extending  from  half  an  inch  to  two  inches 
into  the  atmosphere  of  the  bottle.  When  these  crystals  are  put 
into  alcohol,  they  increase  its  temperature  8°  or  10°,  a  rapid 
action  takes  place,  with  the  formation  of  much  ether  and 
muriatic  acid,  and  a  small  proportion  of  a  triple  compound  of 
chlorine,  hydrogen,  and  carbon.  These  crystals,  which  were 
first  obtained  by  Mr  Faraday,  appear  to  be  coniposed  of  chlo- 
rine 27.  7  +  water  72.  3=100.^ — Annals  of  Philos,  2d  Series, 
y.  304. 

275.  When  a  portion  of  this  solid  and  dried  hydrate  in   a  Liquefaction 
small  bent  tube,  hermetically  sealed,  is  heated  to  100°  a  yellow  of^hiorme. 
vapour  forms  which  condenses  in  the  cool  part  of  the  tube  into  a 

*Ias<Mn«  chemical  work^i  the  proportions  of  1  part  of  rntn^anese,  9  of  suit,  Hiid  2  of  sulphuric  acid 
*K reeommended,  but  this  roiiture  i«  apt  to  boil  over  ioto  the  aeck  of  th?  rvtort. 

\  From  ;|r?UMjp6f ,  p«en. 

tThi«  oearlj  accords  with  lO  atoms  watcr=90  (hydrogcr=l)  -j-  I  atom  cMorin*  =3n.  H .    Accord- 
■HteDr  Tbomfoo  it  i»  »  dtca^tydrate \  10  atoms  water=ll.  9b  (oxyg'-u=l)-rl  a'oiu  chlonne=4.  &. 
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liquid  iieavicrthsn  water.  On' relieving  ill e  pressure  by  break- 
ing; the  tube,  ihe  chlorine  instantly  assumes  the  stale  of  gas. 
These  facts  were  discovereij  by  Mr  Faraday.  (See  Boston 
Jour,  of  Philos.  Vol.  \.  p.  516.) 

276.  When  chlorine  is  suddenly  and  considerably  condensed 
by  mechanical  pressure,  not  only  heal  is  evolved,  as  from  all 
other  gases,  but  light  also.  It  is  not  altered  by  exposure  to 
very  high  temperatures.  By  means  of  the  apparatus,  fig. 
43,  Sir  H.  Davy  exposed  it  to  the  continued  action  of  charcoal 
intensely  ignited  by  Voltaic  electricity,  without  the  smallest 
change  in  its  ptoperties. 

~"  A  glass  globe  a,  of  ahout  four  inches'  diameter,  has  at  its  upper 
part  a  sliding  wire  passing  air-tight  through  a  ground  col- 
lar b,  to  the  lower  end  of  which  is  attached  a  piece  of  well- 
burned  charcoal  c :  at  the  bottom  is  a  stop-cock  supporting  a 
brass  pincers,  in  which  is  another  pointed  piece  of  charcoal  cj 
the  E;lobe  is  exhausted  upon  the  air-pump,  filled  with  chlorine, 
and  the  stop-cock  li  and  sliding  wire  e  attached  to  the  extremi- 
ties of  the  Voltaic  apparatus  j  the  charcoal  points  are  then 
brought  inio  contact  by  pusbingdown  the  upper  wire,  and  they 
are  thus  retained  as  long  as  necessary  in  intense  ignition.     B. 

277.  Chlorine  is  heavier  than  common  air.  lis  specific  grar- 
ity  is  {according  to  Dr  Thomson)  2.  5,{air=I)  which,  Uking 
his  statement  of  the  sp.  gr.  of  hydrogen,  viz.  0,0694  would 
make  it  3fi  times  the  weight  of  hydrogen.  From  other  data  it 
had  been  calculated  to  be  only  33^  ijnies  heavier  than  hydro* 
gen.  H.     100  cubic  inches  weigh  71J.  25  grains.    T. 

878.  At  the  temperature  of  liO",  water  dissolves  or  absorbs 
two  volumes  of  chlorine.  The  best  method  of  effecting  the 
impregnation  of  walcr  with  this  gas  is  by  means  of  a  Woulfe's 
apparatus,  (fig.  81)*  the  bottles  being  surrounded  by  ice-cold 
water. 

379,  The  w.itery  solution  if  perfectly  free  from  common  mu- 
riatic acid,  has  not  the  usual  taste  of  an  acid,  but  an  astringent 
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^  Ili  porifj  from  muiiatie  acid  majr  be  aicertaified  by  a 
'     <M  nitrate  of  mercury^  whieh  is  aot  precipitated  by  pure 


The  watery  tolation  has  the  colour  and  peculiar  smell  of  the  PR»p«^g. 
fl%  end  haa  a  similar  property  of  discharging  yegetable  colours. 
HeMe  h  but  be  employed  in  bleaching.     H« 

Tliie  may  be  illustrated  by  placing  a  tew  strips  of  dyed  linen  luuMia 
doth  of  difireat  colours  in  a  solution  of  chlorine,  the  colours  >*^^^^* 
win  aooa  be  diseharged. 

Whao  the  watery  solution  of  chlorine  is  exposed  to  a  tempo-  Kc^etof 
ratufo  only  a  little  above  that  of  freezing  water,  the  gas,  which  ^^ 
is  combiaed  with  it,  separates  in  the  form  of  a  liquid,  heavier 
dian  water. 

MO.  Chlorine  is  not  altered  by  the  temperature  of  boiling  ^j^^^ 
water ;  for  its  solution  may  be  raised  in  distillation,  and  again 
condensed  without  change. 

Ml,  When  the  solution  of  chlorine  in  water  is  exposed  to  the  of  ib«  nii*t 
liieet  rays  of  the  sun,  oxygen  gas  is  obtained,  and  the  acid  '^^ 
passes  to  the  state  of  muriatic  acid. 

888,  Placed  in  the  current  of  the  electric  fluid,  the  chlorine,  Deeonpow^ 
aid  the  oxygen  of  the  water,  arrange  themselves  at  the  positive,  jj^  J^|^. 
and  the  hydrogen  at  the  negative  pole. 

M3  When  a  burning  taper  is  immersed  in  ajar  of  chlorine,  xsp. 
die  flame  beoomes  red,  a  dense  smoke  arises,  and  the  taper  is 
woo  extinguished.  Many  bodies,  such  as  phosphorus,  and  2^„^^ 
leveral  of  the  metals,  when  in  a  finely  divided  state,  are  sponta- 
neously ignited  by  chlorine  and  burn  in  it  with  much  brilliaDcy.* 
Id  these  cases  binary  compounds  result,  some  of  which,  like 
those  of  oxygen,  are  possessed  of  acid  properties  :  others  are 
not  acid  :  and  such  compounds  with  oxygen  being  called  oxides^ 
those  which  chlorine  forms  may  be  termed  chlorides. 

284.  Chlorine  was  once  regarded  as  composed  of  oxygen  and  Formerij' 
muriatic  acid,  a  fallacy  arising  from  the  presence  of  water,  and  1°^^''^^^* 
which  will  be  rendered  more  intelligible  under  the  head  MurU 
Qiic  Add.     B. 

2S5.^ Chlorine  and  Oxygen. — When  chlorate  of  potash  (a  EucUonoe 
silt  which  will  be  afterwards  described)  is  distilled,  at  a  gentle  s^ 
heat,  with  weak  muriatic  acid,  a  gas  may  be  collected  over 
aercury,  which  is  found  to  differ  essentially  from  chlorine. 
Its  colour  has  a  dense  tint  of  brilliant  yellow  green  ;  and  its 
nnell  resembles  that  of  burnt  sugar,  mixed  with  the  peculiar 
a&cll  of  chlorine.     Water  takes  up  eight  or  ten  times  its  volume, 

■ftlke  ccatial  tabes,  a  Md&cient  quantity  of  air  rushes  through  them  to  supply  any  accidmtMl  racuam* 
Tkis  iacomreoieoce,  bowcTer,  is  still  more  couvenivotly  obviated  hj  Welther's  tube  of  vafrty  (6g.  89 
^<i)  which  sopersedes  the  espediaoey  of  tbree-oeeked  bottles.  The  apparatus  be  inj^  adjusted,  as  shown 
^the  ^furr,  a  naall  quantity  of  water  is  poured  into  the  fusneU  so  as  to  about  hull  fill  the  ball  (. 
^Iihtn  any  absofplioo  happens,  the  fluid  rises  io  the  ball,  till  none  remains  in  the  tube,  when  a  qnan- 
6t)r«f  air  immediately  rushes  in.  On  the  other  hand,  no  gas  can  escape,  because  any  pressure  from 
*idu»  is  instantly  followed  by  the  formation  of  a  high  column  of  liquid  in  the  perpendicular  part* 
*Ueh  resots  the  cgrcn  of  gas. 
*  The  tcmpcratart  of  tba  gat  fhoold  not  be  much  below  70*  Fah^oheit 
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and  acquires  an  orange  tint,     tl  hns  been  called  by  iu  discov* 
erer.  Sir  H.  Davy,    Euckloric   gas,    or  simply    Etichiorine. 
Gay-Lussac  has  proposed  for  it  the  name  of  oxide  of  chlorine  ; 
but  it  may,  with  more  propriety,  be  called  Jfroloxide  of  Chlo- 
rine. 
T"         286.  Euchlorine  explodes  by  a  gentle  heat,  applied  lo  the 
1       vessel    which    contains    it,    and  five  parls    in  volume    become 
""■^  sis,  consisting  of  a  mixture  of  oxys^o  and  chlorine  f;ases,  in 
such  proportions,  that  euchlorine  must  be  composed  of  two  in 
volume  of  chlorine  and  one  of  oxygen,  the  latter  being  con- 
densed into  half  its  bulk,  or  by  weight  of 
Chlorine      ....     81.44     . 
Oxygen 18.56     . 


100. 
22.79 
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These  proportions  indicate,  that  euchlorine  is  constituted  of 
one  atom  of  chlorine  =  36  +one  atom  of  oxygen  =  8  and  hence 
its  atom  must  weigh  44,  hydrogen  beings  1. 

When  detonated  with  twice  ils  volume  of  hydrogen  gas,  there 
is  a  condensation  of  more  than  two-thirds  of  the  mixture,  and 
liquid  muriatic  acid  is  formed.  i 

287.  Mercury  has  no  action  on  euchlorine  at  common  lem- 
peratures,  antimony  and  copper  burn  in  it,  if  introduced  pre- 
viously heated.  Sulphur  and  phosphorus  decompose  it;  and 
charcoal,  already  ignited,  burns  in  it  with  a  dull  red  light. 
Nitrous  gas  condenses  it  with  red  fumes, 

2SS.  Euchlorine  destroys  vegetable  colours ;  but  it  first  gives 
the  blue  a  tint  of  red. 
n       289.   In  almost  all  oases  of  vivid  combustion,  there  is  a  con- 
'    dcnsation  of  the  bodies  which  unite  ;  but  in  the  decomposition 
of  euchlorine  by  heat,  we  have  the  remarkable  phenomenon  of 
an  explosion,  accompanied  with  heat  and  light,  and  an  expansion 
of  the  elements,  which  are  separated  from  each  other.   H.  1.  217. 
290.  Deuloxide  or  Per-oxide  of  Chlorine. — Another  com- 
pound of  chlorine  and  oxygen,  containing  a  larger  proportion, 
than  euchlorine,  of  the  latter  element,  has  been  discovered  by 
Sir  H.  Davy,"  and  has  since  been  made  the  subject  of  a  scries  of 
experiments  by  Count  Stadion  of  Vienna. t     As  it  exhibits  no 
acid  properties,  it  may  be  called  per-oxidc  of  chlorine. 

sai.  To  procure  it,  50  or  GO  grains  of  ihe  powdered  chlorate 
of  potash,  are  to  he  mixed  with  a  small  quantity  of  concentrated 
.  sulphuric  acid.  When  thoroughly  incorporated,  a  solid  mas! 
will  result,  of  a  bright  orange  colour.  This  is  lo  be  introduced 
into  a  very  small  reiort  of  glass,  or  a  bent  lube,  which  is  to  be 
exposed  to  the  heat  of  water  gradually  warmed,  but  prevented 
from  attaining  the  boiling  point,  by  an  admixture  of  spirit  of 
wine.  The  gas  may  be  received  over  mercury,  on  which  it  haa 
no  action  at  common  temperatures. 

•Pbil.  Tnu.  1BI3,  Pui  W.  |  ThamHii'i  Anuli.  ii.B- 


CHLOBIC  ACIB.  93 

292.  It  has  a  lively  yellow  colour,  much  more  brilliant  than  Propertiei. 
tlut  of  euchlorine  ;  is  much  more  rapidly  absorbed  by  water ; 

and  has  a  peculiar  aromatic  smell,  not  mixed  with  any  smell  of 
chlorine.  According  to  Davy,  it  destroys  vegetable  blue  col- 
ours, without  first  reddening  them  ;  but  Count  Stadion  asserts, 
that  it  does  not  change  blue  paper.  When  heated  to  about  the 
temperature  of  2 12^  Fahrenheit,  or,  according  to  Count  Stadion, 
to  between  112^  and  114%  it  explodes  with  nu>re  violence,  and 

a  greater  expansion  of  volume,  than  euchlorine,  producing  mucl\ 

light.     After  explosion  over  mercury,  from  2,7  to  2,9  volumes      / 
appear,  for  every  two  of  gas  decomposed ;  and  of  these,  two, 
are  oxygen  and  the  rest  chlorine.     A  little  chlorine  is  absorbed, 
however,  by  the  mercury,  and  it  is  reasonable.  Sir  H.  Davy 
thinks,  to  conclude,  that  the  deep  yellow  gas  is,  in   reality, 
composed  of  two  in  volume  of  oxygen,  and  one  of  chlorine* 
condensed  into  two  volumes.*     If  this  be  correct,  the  gas  will  ComponUon. 
consist,  by  weight,  of  one  atom  of  chlorine  36,  and  four  atoms! 
of  oxygen  32,  and  its  atom  will  weigh  68.  — 

293.  It  is  decomposed,  at  common  temperatures,  by  no  com-  j,^^^  ^^ 
bu.stible  body,  except  phosphorus,  which  occasions  an  explosion  by  photpbo. 
when  introduced  into  it,  and  burns,  in  the  liberated  gases,  with  "^ 
great  brilliancy. 

294.  Its  saturated  solution  in  water,  which  contains  seven  ^      ^  .    . 
volumes  of  gas,  is  of  a  deep  yellow  colour.     It  does  not  taste  water." 
sour,  but  extremely  astringent  and  corroding  ;  and  it  leaves  on 

the  tongue  a  disagreeable  and  lasting  impression.  The  solution 
may  be  kept  in  the  dark  unchanged,  but,  when  exposed  to  the 
sun's  rays,  it  is  decomposed,  and  chlorine  and  chloric  acid  are 
obtained.     H.  1.  218. 

295.  Chloric  Acid, — A  third  compound  of  chlorine  and  ox-  cbioricacid, 
ygen  was  pointed  out  by  Mr  Chevenix,  some  time  before  it  was 
obtained  in  a  separate  form,  as  existing  in  the  class  of  salts 

called  hyper-oxy muriates.     For  the  method  of  exhibiting  it  in 
a  distinct  state,  we  are  indebted  to  Vauquelint  and  Gay-Lussac.j^ 
The  following  is  the  process  :    To  a  solution  of  pure  chlorate  / 
of  barytes,  (the  mode  of  preparing  which  will  be  hereafter  method  of ©b. 
described),  add  by  degrees  dilute  sulphuric  acid,  as  long  as  it  taioio^it. 
occasions  any  precipitation.     This  separates  the  barytes,  and 
leaves  the  chloric  acid  combined  with  water  only.     It  is  im- 
portant to  add  no  more  sulphuric  acid  than  is  barely  sufficient ; 
for  the  slightest  excess  renders  the  chloric  acid  impure.     If  the 
right  quantity  has  been  used,  the  liquid  obtained  should  remain 
perfectly  transparent,  when,  taking  two  separate  portions  of  it, 
we  add  to  the  one  dilute  sulphuric  acid,  and  to  the  other,  chlo- 
rate of  barytes.     If  either  of  these  agents  occasions  a  precipitate, 

*  Tbc  (u  called  Eoeblorioe  by  Sir  H.  Dary  appears  to  be  a  mixture  of  cblorioe  with  this  gras. 
aad  sot  a  defiaita  compound  of  two  rolumes  of  cblorioe  and  one  rolume  of  oiygen.    Should   it 
boweTar  upon  more  accurate  inquiry  proTe  a  definite  combination,  it  might  be  termed  cklorou§  oxidit      . 
aaJ  ibe  aboTC  compound  would  then  be  eklaric  otride,    Brande.  y 

Ana.  de  Chim.  xcv.  lOt.  X  ^^'^^'  ^*'  ^^^' 
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we  mast  add  it  by  degrees  till  tlie  effect  ceases.  The  clear 
li<]uid  is  Ihen  to  be  decanted  by  a  syphon,  and  reserved  fur 
use.  It  is  a  solution  of  chloric  acid  in  water  ;  and  has  the  tul- 
lowing  properties  : 

296.  It  is  colourless,  ils  taste  is  acid  and  astringent;  and  ils 
amell.  when  coticentraled  and  a  litlle  healed,  is  moderately 
pungent.  It  reddens  the  infusion  of  litmus.  Paper  stained 
with  litmus,  though  it  does  not  immediiiely  lose  its  colour,  yet 
is  deprived  of  it  in  a  day  or  two  if  left  in  the  liquid  ;  or  more 
rapidly  if  taken  out  of  the  liquid  and  exposed  to  tlie  air,  in  ooft- 
seqiience  of  the  solution  becoming  more  concentrated.  It  does 
not  precipitate  either  silver,  mercury,  or  lead,  from  their  solu- 
tion in  nitric  acid.  It  is  volatilized  by  heal,  but  not  without 
a  partial  decomposition  into  chlorine  and  oxygen.  Hence  it 
ofterwards  precipitates  the  nitrate  of  silver. 

207.  Muriatic  acid  decomposes  it,  and  both  acids,  if  mixed 
'  in  just  proportion,  are  changed  entirely  into  chlorine. 

898.  Chloric  acid  is  decomposed,  also,  by  sulphuretted  hy- 
drogen and  by  sulphurous  acid.  In  the  first  case,  chlorine  and 
sulphur  are  separated,  and  water  is  formed.  In  the  second, 
sulphuric  acid  is  formed,  and  chlorine  set  at  liberty.  None  of 
the  acids,  which  are  saturated  with  oxygen,  have  any  action  on 
chloric  acid. 

299.  All  the  metals  that  are  capable  of  decomposing  water, 
decompose  also  Ihu  chloric  acid,  and  afford  compounds  of  chlo- 

-  rine  with  a  metallic  oxide. 

300.  According  to  the  experiments  of  Vauqnelin,  chlo 
■  acid  is  composed  of 

Chlorine     ....     35     ...      100     ..     , 
Oxygen       .     .     .     .     65     .     .      .      1S5     .     .     . 

100 
This  determination  differs  materially  from  that  of  Gay-Ii 
sac,  according  to  whom  32,304  oxygen  convert  28,924  chlorine 
into  chloric  acid,  and  hence  it  should  be  composed  of 


Chlorine 
Oxygen 


loq^H 


V  The  result  of  Gay-Lussac  is  by  much  the  more  probable  of 
the  two,  and  would  make  the  chloric  acid  consist  of  1  alom  of 
chlorine  36+5  atoms  of  oxygen  40=76  ;  while  Vauquelin's 
numbers  would  indicate  no  less  than  8  atoms  of  oxygen, 

301.   It  is  proper,  however,  to  add,  that  the  existence  of  a 

/    simple  combination  of  chlorine   and   oxygen  has  been   denied 

by  Sir  H.  Davy,  who  considers  the  liquid,  obtained  by   Gay- 

/"Lussac,  as  constituted  of  two  proportions  (atoms)  of  hydrogen, 

'     one  of  chlorine,  and  six  of  oxygen.     To  this,  the  latter  has 
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replied,  that  the  hydrogen  is  oot  an  element  of  Iho  acid  itself,    ' 
but  of  water,  with  which  the  add  is  united,  as  is  llie  case  with 
liquid  sulphuric  and  nitric  acids.'     H.  1.  220. 

302.   Per-chloric  or  Ojcjjchloric  acid. — [n  obtaining  perox-  p,n,hia,[a 
ide  of  chlorine  by  Sir  H.  Davy's  or  by  Count  Stadion's  process,  «"*■ 
■  peculiar  salt  is  formed,  which  was  first  noticed  by  the  latter 
philosopher.      It   is  mixed  with   bisulphate   of  potash,   wliich 
may  be  separated  by  a  second  crystallization,  and  the  peculiar 
uh  then  appears  in  ocloedral  crystals.     It  requires  55  limes  its 
weight  of  water  at  60°  for  solution,  but  dissolves  freely  in  boil-  _ 
iDg  water.    In  alcohol,  it  is  quite  insoluble.     When  distilled         / 
with  an  equal   weight  of  sulphuric  acid,  at  a  temperature    of ''"p™^ 
2S0^  Fahrenheit  it  is  decomposed  :  and  an  acid  (of  whose  prop- 
erties, however,  we  have  not  a  distinct  account)  may  be  distilled 
over.     When  the  salt  is  distilled  alone  at  413°,  it  is  coDverted 
into  chloride  of  potassium  (dry  muriate  of  potash)  and  oxygen 
gas.  in  the  following  proportions.     One  hundred  parts  by  weight  ^™p""^'- 
afford 


-^  .-,         ...       i  23,49  potassium 


Chloride  of  Potassium 

Oxygen 45,9£ 

100. 

303.  Hence  it  appears,  that  25,59  chlorine  are  united  with 
45,92  oxygen,  which  is  nearly  in  the  proportion  of  36  chlorine 
to  64  oxygen.  Pt-r-chloric  acid  will  therefore  consist  of  one 
atom  of  chlorine  =  ;?U.  united  with  8  atoms  of  oxygen  =  64  ; 
and  the  weight  of  its  atom  will  be  100.     H.   1.  2a2.t 

304.  According  to  the  experiments  of  Sir  H.  Davy  and  Count 
Stadion  chlorine  combines  with  no  fewer  than  five  proportions 
of  oxygen,  forming  three  oxides  and  two  acids.  The  composi- 
tion of  these  diflerent  compounds,  which,  with  the  exception  of 
chloric  acid,  have  been  analyzed  only  by  Davy  and  Von  Stadion, 
ii  u  follows  .- 


1.  Protoxide  of  chlorine 

2.  Tritoxide  "     .     . 

3.  Quadroxide       "     .     . 

4.  Chloric  acid       .     .     . 

5.  Percloric  acid     .     .     . 


1  atom  +  1  atom  5,5 
1  +3  7,5 

1  +4  8,5 

1  -f-  5  9,5 

+  7  11,5 


Thomson's  First  Principles,  Vol.  1,  p.  84. 
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Section  IV.     Of  Iodine. 

305.  Iodine  was  discovered  accidentally  by  M,  Courtois,  a 
manufacturer  of  sallpetre  at  Paris,  in  1S12.  Its  properties 
have  been  fully  investigated  by  Vauquelin.  {Aanales  de 
Chimit.  torn,  xc.)  Gay-Lusaac  {ib.  xc.)  and  Davy  {PAH.  Trans. 
1814.) 

In  the  process  for  procuring  soda  from  the  ashes  of  sea  weeds, 
M.  Courtois  found  that  his  rnetailic  vessels  were  much  corroded,     i 
and   in  searching  for    the    cause,    he    made  the   discovery  of    1 
Iodine.  I 

306.  Iodine  is  procured  by  the  following  process.    Lixiviate*    I 
powdered  kelp  with  cold  water.     Evaporate  the  lixivium  till  >     i 
pellicle    forms,  and    set   aside    to  crystallize.     Evaporate   the 
mother  liquor  to  dryness, and  pour  upon  the  mass  half  its  weight 
of  sulphuric  acid.     Apply  a  gentle  heat  to  this  mixture  ia  the     j 
flask  It  of  the  alembic  shown  in  fig.  83,  of  which  the  head  or    I 
capital    b,  has  a  tube  issuing  from  it,  and    descending  into  the    | 
receiver  c.     Fumes  of  a   violet   colour    arise    and    condense  in     < 
the  form  of  opaque  crystals,  having  a  metallic  lustre,  which  in    \ 
to  be  washed  out  of  the  head  of  the  alembic  with  a  sm^ll  cjuan- 
lity  of  water,  and  quickly  dried  upon  bibulous  paper. 

307.  Iodine  may  likewise  be  obtained  from  the  "  black  ash" 
of  the  soap-makers,  the  residuum  of  the  alkaline  matler  used  ia 
the  manufacturing  of  hard  soaps  with  kelp.  Dr  lire  has  made 
many  experiments  with  this  substance,  from  which  he  oblaios 
the  Iodine  by  the  following  process, 

The  liquid  is  heated  lo  about  230°  F.  and  poured  into  a  large 
"sfone  ware  basin  of  which  it  should  fill  about  one  half;  sul- 
phuric acid,  previously  diluted  with  its  own  bulk  of  water,  is 
added  till  the  liquor  is  saturated.  On  cooling  the  mixture  a 
lars;e  quantity  of  saline  crystals  are  found  iidhcring  to  the  sides 
and  bottom  of  the  vessel  t  The  cold  liquid  is  hllered  through 
a  woollen  clolh.  To  every  12  oz  .apothecaries'  measure  lOOO 
grains  of  black  oxide  of  manganese,  in  powder,  are  added. 
This  mixture  is  put  into  a  matrass,  fig.  84,  with  a  wide  neek, 
over  whicii  a  glass  globe  is  inverted,  and  heat  is  applied  with  a 
charcoal  chauffer. t  Iodine  now  sublimes  very  copiously,  and 
is  conilensed  in  the  upper  vessel.  As  soon  as  It  becoinos  warm, 
another  is  lo  be  put  in  its  place;  and  thus  the  two  may  be  ap- 
plied in  rotation,  as  lona;  as  the  violet  vapour  rises.  By  this 
treatment  from  SO  to  100  grains  of  iodine  may  be  obtained. 
It  Is  removed  from  the  globes  as  ia  ihe  other  process.  The 
best  subliming  temperature  is  232°  F.     U.  513. 
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SOS.  Iodine  is  a  solid  at  the  ordinary  temperature  of  the  Propertiei. 
atmosphere.  It  is  often  in  scales  resembling  those  of  micaceous 
iroQ  ore;  sometimes  in  large  and  brilliant  rhomboidal  plates  ; 
tod  oecasiooally  in  elongated  octoedrons.*  Its  colour  is  bluish 
Hack ;  its  lustre  metallic  ;  it  is  soft  and  friable,  and  a  non-con- 
dactor  of  electricity.  It  produces  a  yellow  stain  upon  the 
skia.  Its  smell  resembles  that  of  diluted  chlorine.  Its  taste  is 
acrid.     Its  specific  gravity  is  4,946. 

Iodine  is  fusible  at  225^  F.  and,  under  the  ordinary  pressure 
of  the  atmosphere,  is  volatilized  at  a  temperature  somewhere 
near  350%  forming  a  gas  125  times  denser  than  hydrogen^^ 
which  last  number  represents  the  weight  of  its  atom.  Accord-  7 
iog  to  Gay-Lussac,  the  specific  gravity  of  its  vapour,  compar- 
ed with  air  is  8,678.  Hence  100  cubic  inches  should  weigh 
209  grains.t  The  volatilization  of  iodine  at  the  heat  of  boiling 
water,  which  happens  when  it  is  distilled  with  that  fluid,  de-  i 
pends  on  its  a£Snity  for  aqueous  vapour.     H.  1.  223.  J 

909.  The  colour  of  the  vapour  of  iodine  is  a  beautiful  violet, 
and  hence  its  name,  (from  i«Ji^,  violaceus.) 

This  may  be  exhibiteds  by  introducing  a  few  scales  of  iodine  ^^p- 
into  a  glass  matrass,  and  heating  it  over  a  spirit  lamp. 

310.  Like  chlorine  and  oxygen,  iodine  is  electro-negative ; 
and  therefore  attracted  by  the  positive  surface  of  the  Voltaic 
pile.  It  renders  vegetabfe  colours  yellow.  It  is  very  sparing- 
ly soluble  in  water,  that  liquid  not  holding  more  than  ^^^7  '^^ 
weight  in  solution.  The  colour  of  the  solution  is  yellow.  It 
is  much  more  soluble  in  spirit  of  wine,  and  in  ether. 

311.  Iodine  combines  with  oxygen  and  chlorine,  and  gives  combination. 
rise  to  acid  compounds,  which  have  been  called  Iodic  or  *^ith  oi)j«n. 
oxiodiCj  iodouSy  and  chloriodic  acids.  — i 

312.  Iodic  acidf  (Davy,  Phil.   Trans.  1815.)     This  com-  iodic  acid. 
pound  of  oxygen  and  iodine  cannot  be  obtained   directly,   for  M.>tho'iof 
those  bodies  exert  no  mutual  action.     It  is  procured  by  acting  p'^'"'"*=' 
upon  oxide  of  chlorine  by  iodine.     For  this  purpose  the  iodine 

may  be  introduced  into  a  small  flask,  and  the  oxide  of  chlorine 
disengaged  upon  it,  from  a  proper  mixture  of  chlorate  of  potassa 
aod  sulphuric  acid  with  the  precautions  above  pointed  out 
(291),  or  100  grains  of  chlorate  of  potassa  may  be  introduced 
ioto  a  small  retort,  with  400  grains  of  liquid  muriatic  acid  of 
the  sp.  gr.  1,105:  annex  to  the  retort  a  small  globular  re- 
ceiver, having  a  bent  tube  issuing  from  it,  and  passing  to  the 
bottom  of  a  small  flask,  containing  about  50  grains  of  iodine  ; 
carefully  apply  the  heat  of  a  lamp  to  the  retort,  by  which  oxide 
of  chlorine  will  be  disengaged,  and  which  will  be  decomposed 
and  absorbed  by  the  iodine.  A  compound  is  then  formed, 
which  consists  of  chloriodic  and  oxiodic  acids.     The  former  is 

*X>rWoIIastea  ha*  dr»:r\btd  tlie  form  of  its  crystal  in  the  Annals  of  Philoiopby,  V.  237. 
fTbr  specific  gnv'ity  of  iodine  vapour,  pcconling:  to  the   lale   f  xpcrinients  of  Dr  Thomson,  it 
1-4111,  air  ss  1.     100  cubic  inches  wt-i^h  SfJ-J.dOOS  grains.     lis  atomic  weight,  oxyg«D=:l  '.i  IS. 5.  I 
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/  separable  by  a  gentle  heat,  the  latter  remains  as  a  white,  semi- 
traniipirent,  aoiir,  and  iaodorous  body,  very  soluble  in  water. 
^^^  313.  When  decomposed  by  heal  in  a  pneumatic  apparatus, 
it  is  resolved  into  oxygen  gas  and  pure  iodine ;  and  it  is  there- 
fore termed  by  Sir  H.  Davy  oxyiodine,  and  by  Gay-Lussac 
acide  iodiijue  anhydre.* 

Hyd.=  l     0!ty.=  l 
II  consists  of  5  atoms  of  ojtygen=40  5 

1    atom  of   iodiiie=125  13,5 

and  the  weight  of  its  atom  is  165  20,5  T. 

^j         314.  Anhydrous  iodic  acid   is  very  soluble  in  water,  and  is 

i4i.  slightly  deliquescent  Its  solution,  called  by  Gay-Lussac  acirfr 
iodique,  lirsl  reddens,  and  llicn  destroys  vegetable  blues,  anil 
reduces  other  ve^elable  colours,  to  a  dull  yellow.  When 
evaporated  sullicjenily,  it  becomes  a  thick  pasty  substance,  and 
at  length,  by  a  cautiously  regulated  heat,  yields  the  anhydroui  | 
acid  unaltered.  j 

i(,.         315.  When  healed  in   contact   with  inflammable  bodies,  ot   , 
with    the   more  combuslible  metals,  detonations  are  produced. 
It;  solution  in   water  rapidly  corrodes  all  the  metals,  and  eveo 
acts  on  pold  and  platinum,  but  especially  on  the  first. 

.,  316.   When  its  solution,  is  poured  into  solutions  of  alkalis,  or 

alkaline  earths,  or  when  made  to  act  on  their  carbonates,  triple 
conipounds  art;  formed  of  oxygen,  iodine,  and  the  metallic 
bases,  called  by  Sir  H.  Davy  oxywdes;  and  by  Gay-Lussac,  per- 

Lhaps  more  properly,  iodates. 
317.   Iodic  acid  enters  into    combination    with  all  those  fluid 

.j'^  or  solid  acids,  which  it  does  not  decompose.  All  its  acid 
combinations  reddim  vegetable  bhies,  dissolve  gold  and  pla- 
tinum ;  and  when  added  to  alkalis  or  earths,  afford  commoa 
ncuti'al  salts,  and  their  respective  iodates.      H.  1.  225. 

^r"      318-  fodoits  acid.     M.  Sementini  of  Naples,  has  lately  pufa- 
'     lished  an  accoun'  of  a  combinalion  of  iodiue  and  oxygen,  (See 
Boston  Jour,  of  Phihs.  ii.  'i'yi)  containing  less  of  the  latter 
than  iodic  acid. 

3ia.  It  is  olifained  in  the  followin.:^  manner: — equal  parts  of 
chlorate  of  potnssa  and  iodine  are  to  be  triturated  together,  in  a 
glass  or  porcelain  mortar,  until  they  form  a  very  fine  pulveru- 
lent yellow  mass,  in  .vhich  the  metallic  aspect  of  the  iodine  has 
entirely  disappeared.  If  there  be  excess  of  iodine,  the  mixture 
will  have  a  lead  colour.  'I'liis  mixture  is  to  be  put  into  a  re- 
tort, the  nock  bern^  preserved  clean,  and  a  receiver  is  to  be 
attached  with  a  mbc  passing  to  the  pneumatic  trough.  Heat  it 
then  to  be  applied,  and  for  this  purpose  a  spirit-lamp  will  bs 
found  sufficient;  at  first  a  few  violet  vapours  rise,  hut  as  soon 
as  the  chKirate  begins  to  lose  oxygen  dense  yellow  fumes  will 

•  Tl.^  i^n.1  .n^yir^u.  obLcb  m\\  bo  ofl.o  lac J,  li  denied  Uam  ■  Grctk  ■vrd  ngBifjioj  mA- 
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will  be  condensed  in  the  neck  of  the  retort  into 
a  vdow  liquid,  and  run  in  drops  into  the  receiver ;  oxygen  gas 
mil  at  the  same  time  come  over.  When  the  vapour  ceases  to 
liwy  the  process  is  finished,  and  the  iodous  acid  obtained  will 
hare  the  following  properties. 

380.  Its  colour  is  yellow ;  its  taste  acid  and  astringent,  and 
leaving  a  burning  sensation  on  the  tongue.  It  is  of  an  oily  con*  '^''^i'*'^^* 
ristency,  and  flows  with  difficulty.  It  is  heavier  than  water, 
sinking  in  it.  It  has  a  particular  odour,  disagreeable,  and 
something  rescjpibling  that  of  euchlorine.  It  permanently  red- 
dens T^^table  bluesy  but  does  not  destroy  them.  It  is  very 
solohk  in  water  and  alcohol,  producing  amber-coloured  solu- 
tions. It  evaporates  slowly,  and  entirely  in  the  air.  At  1 12^  F. 
it  volatilises  rapidly,  forming  the  dense  vapour  before  mention- 
ed. It  is  decomposed  by  sulphur,  disengaging  a  little  heat,  anJT^ 
liberating  violet  vapours.  Cinrbon  has  no  action  on  it  at  any 
temperature ;  solution  of  sulphurous  acid  decomposes  it  as  well 
as  iodic  acid,  precipitating  the  iodine  as  a  brown  powder.  It  is 
characterised  by  the  manner  in  which  potassium  and  phosphorus 
act  on  it ;  the  instant  they  touch  it  they  inflame  ;  the  potassium 
producing  a  white  flame  and  dense,  vapours,  but  little  or  no 
liberation  of  iodine;  and  the  phosphorus,  with  a  noise  as  of 
ebullition^  violet  vapours  appearing  at  the  same  time. 

Its  composition  has  not  been  experimentally  ascertained. 

S21.   Iodine  and  Chlorine.    Iodine  absorbs  less  than  one 
third  its  weight  of  chlorine,  and  forms  a  peculiar  acid  which 
may  be  called  chloriodic  acidj  and  its  compounds  chloriodaits,  chionodie 
This  acid  is  easily  obtained  by  the  direct  action  of  chlorine  **^^^* 
Qpon  iodine.     They  unite  and  form  crystals  of  a  deep  orange 
colour,  deliquescent^  and  easily  fusible  and  soluble.*  ; 

322.  According  to  Gay-Lussac,  indeed,  two  compounds  re-  ' 
suit,  the  one  of  a  fine  orange-yellow  colour,  containing  the 
largest  proportion  of  chlorine,  tbe  other  orange-red.  Both  are 
solid  and  crystalline  ;  deliquiale  when  exposed  to  the  air  ;  are 
fusible  into  an  orange  liquid  ;  and  give  an  orange-coloured  gas. 
The  watery  solution  takes  more  ipdine,  and  acquires  a  deep 
colour ;  but  if  agitated  with  chlorine,  it  is  deprived  of  colour, 
ind  when  poured,  in  that  state,  into  solution  of  potash,  the 
deflagrating  salt  is  precipitated.  From  liquid  ammonia,  the 
colourless  liquid  precipitates  a  white  detonating  compound  ; 
but  the  coloured  solution  throws  down  the  darker  compound, 
which  detonates  on  the  slightest  touch,  and  is  indeed,  identical 
with  that  procured  by  the  direct  action  of  iodine  on  ammonia, 

to  be  hereafter  described. 

323.  Chloriodic  acid  (or  chlorure  of  iodinCy  as  it  is  called  Preripitiirs 
by  Gay-Lussac)  precipitates  the  salts  of  iron,  lead,  tin  and  cop-  »««*»'«*^»- 
per;  probably  in  the  state  of  iodates. 

324.  Nature  o/ Iodine.     Iodine,  from  all  that  we  yet  know  jj^^.,^  ^f 
respecting  it,  is  to  be  considered  as  a  simple  or  elementary  '^^^^^''' 

«  At.corA'a%  to  Davj,  {PkiL  TVsiu.  1814.)  thic  compound  contaioi  135  iodine,  M  chlorine. 
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body,  having  a  very  striking  analogy  wiih  clilorlne,  which  U 
resembles,  latly,  id  forming  one  acid  by  uniting  with  hydro- 
gen, and  a  difftrenl  acid  with  osygen  ;  2(lly,  in  its  eSects  on 
vegetable  coloiira  ;  3dly,  in  its  affording,  with  the  fixed  alkaliei>, 
sails  which  nearly  approach  :n  characlers  to  chlorates;  and 
'Jlhly,  in  its  electrical  habitudes,  lis  discovery,  indeed,  lends 
strong  support  to  that  theory,  which  considers  chlorine  ss  a 
simple  body,  and  muriatic  acid  as  a  compound  of  chlorine  and 
hydrogen.  In  the  properly  of  forming  an  acid,  whether  it  be 
united  willi  hydrogen,  or  with  oxygen,  iodine  bears,  also,  an 
analogy  to  sulphur  ;  and  it  is  remarked  by  Gay-Lussac  of  the 
combinations  of  chlorine,  iodine,  and  sulphur,  with  the  ele- 
ments of  water,  thai  white  the  acids,  which  they  respectively 
form  with  oxygen,  have  their  elements  strongly  condensed, 
those  formed  with  hydrogen  have  their  elements  very  feebly 
united.  Sulphur  has  the  strongest  allinity  for  oxygen,  then 
iodine,  and  lastly  chlorine.  But  for  hydrogen,  chlorine  ha* 
a  stronger  attraction  than  iodine,  and  iodine  than  sulphur; 
whence  it  appears  that  the  affinity  of  each  of  those  bodica 
for  oxygen  is  inversely  proportionate  to  its  affinity  for  hydro- 
gen. 

325.  The  source  of  iodine  in  nature  has  been  investigated 
"  with  much  ability  by  M.  Gaultler  de  Claubry,*  His  first  ex- 
periments were  directed  to  the  analysis  of  the  several  varieties 
of  Fucus,  the  combustion  of  which  furnishes  the  soda  of  sea- 
weeds. Before  these  vegetables  are  destroyed  by  combustion, 
he  ascertained  that  iodine  exists  in  them  in  the  slate  of  hydrio- 
dale  of  potash  ;  and  that  calcination  only  destroys  the  vegeta- 
ble matters,  with  which  it  is  combined.  As  the  hydriodate  of 
potash  is  a  deliquescent  salt,  it  remains  in  the  mother  liquor, 
ai\er  separating  the  carbonate  of  soda,  and  most  of  the  other 
salts,  by  crystallization.  In  the  course  of  these  experiments, 
M.  de  Claubry  found  that  starch  is  one  of  the  most  delicate 
tests  of  the  presence  of  iodine,  and  if  added  to  any  liquid  con- 
taining it,  with  a  few  drops  of  sulphuric  acid,  iodine  is  indi- 
cated by  a  blue  colour  of  greater  or  less  intensity. t  In  this 
way  he  detected  iodine  in  the  decoction  of  several  varieties  of 
Fucus  ;  but  he  was  unable  to  discover  the  slightest  trace  of  it 
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in  m-water.  The  Fucus  Saccharinus  yielded  it  most  abun- 
daatly ;  and  io  order  to  obtain  it  by  the  cheapest  and  easiest 
fneeaa,  he  recommends  that  we  should  submit  this  fucus, 
dried  aod  reduced  to  powder,  to  distillation  with  sulphuric 
add.  H.  1.  227.  Iodine  has  also  been  detected  in  several 
mioerftl  waters^  and  in  various  marine  animals  and  vegetables. 


CHAPTER  III. 

OF   ELECTRO-POSITIVE    SURSTANCES. 

326.  The  bodies  belonging  to  this  class,  when  separated  from 
their  combinations  with  the  substances  described  in  the  last 
chapter,  by  Voltaic  electricity,  are  attracted  by  the  negative 
surface.  With  very  few  exceptions,  they  combine  with  oxygen, 
chlorine  and  iodine,  and  of  the  compounds  formed,  one  or  more 
are  acids,  hence  they  may  also  be  termed  simple  acidiJiabU 
substances.     They  are  six  in  number : 

1.  Hydrogen. 

2.  Nitrogen. 

3.  Sulphur. 

4.  Phosphorus. 

5.  Carbon. 

6.  Boron. 


Section  I.     Hydrogen. 

327.  Hydrogen  was  first  duly  examined  by  Mr  Cavendisli. 

J  [Phil.  Trans.  Vol.  Ivi).  The  most  simple  form  in  which  it 
has  hitherto  been  obtained,  is  in  that  of  a  gas,  that  is,  in  a  state 

^  of  union  with  caloric,  and  perhaps  with  electricity  and  light. 
From  this  combination  we  are  not  able  to  separate  it,  except  by 
availing  ourselves  of  the  affinity  of  some  other  substance,  in 
which  case  the  hydrogen  separates  from  the  caloric,  and  forms 
with  the  body  which  has  been  added,  a  new  combination.  Of 
its  nature  we  know  but  little,  but  as  it  has  not  yet  been  resolved 
into  any  more  simple  form,  it  is  still  arranged  among  elemen- 

;      tary  bodies. 

'  32S.  To  procure  hydrogen  gas,  let  sulphuric  acid,  previous-  ^.thod*.! 

i       ly  diluted  with  five  or  six  times  its  weight  of  water,  be  poured  rroc«irin>c  hv 

I  on  iron  filings,  or  on  small  iron  nails;  or  (what  is  still  better) 
pour  sulphuric  acid,  diluted  with  eight  parts  of  water,  on  zinc, 
^nulated  by  pouring  it  melted  into  cold  water,  and  contained 
in  a  gas  bottle,  fig.  ^S^  or  small  retort.     An  effervescence  will 
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ensue,  and  tlic  escaping  gas  may  be  collected  in  the  usual  msn- 
ncr  over  waler. 

339.  An  ingenious  apparatus  for  obtaining  il  instantaneously, 
in  a  laboratory,  is  described  by  Gay-hussac,  in  the  5lh  vol.  of 
Ann.  de  Cliira.  et  I'hys.  p.  300.  It  consists  of  a  three-neclced 
glass  bottle,  fig.  85,  one  of  whose  openings  has  a  stopper,  from 
which  is  suspended  a  sm-ill  cylinder  of  zinc  a.  To  the  opposite 
aperture  is  fixed  a  beni  brass  tube  furnished  with  a  stop-cock,  on 
which  may  be  screwed  either  a  .small  jet  for  burning  the  gas,  or  a 
lube  to  conduct  it  wherever  it  may  be  required.  The  upper  vessel 
is  of  glass,  and  ground  to  fit  the  middle  neck,  its  pipe  reaching 
within  a  small  distance  of  the  bottom  of  the  bottle.  To  use  the 
apparatus,  the  lower  vessel  is  filled  with  sulphuric  acid  properly 
diluted,  and  the  zinc  cylinder  is  then  introduced,  the  stopper 
being  closed  to  which  it  is  affixed,  and  the  cover  of  the  upper 
vessel  removed.  The  gas,  which  is  generated,  drives  the  di- 
luted acid  into  the  upper  vessel,  and  the  further  production  of 
it  ceases,  when  the  zinc  is  completely  uncovered.  We  have 
then  the  bottle  filled  with  gas ;  and  can  at  any  time  expel  it  by 
opening  the  cock,  and  allowing  the  atmosphere  to  press  on  the 
surface  of  the  liquid  in  the  globular  vessel. 

330.  Hydrogen  gas,  thus  obtained,  is  not,  however,  to  ba 
considered  as  absolutely  pure.*  An  observation  of  Mr  Cilth- 
berl.ion  long  ago  rendered  it  probable,  that,  when  disengaged 
by  zinc,  it  contains  a  portion  of  that  metal ;  and,  when  gene- 
rated by  means  of  iron,  it  is  apt  to  contain  a  little  carburetted 
hydrogen. 

331.  Hydrogen  is  an  atiriform  fluid  not  absorbable  by  water. 
It  has  no  taste,  a  slightly  disagreeable  smell,  and  may  be  respir- 
ed for   a  short   time,  though  it    is  instantly  fatal  to  small  an- 

332.  It  is  the  lightest  body  known,  and  is  therefore  conven- 
iently assumed  as  unity  in  speaking  of  the  specific  gravity  of 
gases,  as  well  as  in  referring  to  the  proportions  in  which  bodies 
combine.  100  cubic  inches  weigh  2,1180  grains.  Us  specific 
gravity  is  0,0t>9i  when  common  air  is  taken  as  1,00.  If  oxy- 
gen is  taken  as  unity,  the  specific  gravity  of  hydrogen  will  be 
0,0625,  and  0,125  will  represent  its  atomic  weight. 

333.  The  levity  of  hydrogen  may  be  proved  by  experimenL 
Let  ajar  filled  wiih  this  gas  stand,  for  a  few  seconds,  with  its 
open  mouth  upwards.  On  letting  down  a  candle,  the  gas  will 
be  found  lo  have  escaped. 

Place  another  jar  of  the  gas  inverted,  or  with  its  mouth  down- 
wards. The  gas  will  now  be  found  to  remain  a  short  lime  in 
the  jar,  being  prevented  from  escaping  upwards  by  the  bottom 
and  sides  of  the  vessel. 
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334.  Hydrocrcn,  in  consequence  of  its  extreme  lightness,  is 
employed  for  fill  ins;  air-balloons. 

Filly  with  hydrogen  gas,  a  bladder  furnished  ^vith  a  stop- 
cock, fig.  71 ;  and  adapt  to  this  a  common  tobacco-pipe.  Dip  Exp. 
the  bowl  of  the  pipe  into  a  lather  of  soap,  and.  turning  the  cock, 
blow  up  the  lather  into  bubbles.  These  bubbles,  instead  of 
(idling;  to  the  ground,  like  those  commonly  blown  by  chilclren, 
will  rise  rapidly   into  the  air. 

The  experiment  may  be  varied  by  filling  the  bladder  with 
i  mixture  of  two  parts  of  hydrogen  gas  and  one  of  oxygen  gas.  K,p, 
Bubbles,  blown  with  this  mixture,  take  fire  on  the  approach  of 
alighted  candle,  and  detonate  with  a  loud  report.  It  is  proper, 
however,  not  to  set  them  on  fire,  till  they  are  completely  de- 
tached from  the  bowl  of  the  pipe ;  otherwise  the  contents  of 
the  bladder  will  be  exploded,  with  considerable  danger  to  the 
operator. 

335.  Hydrogen  is  inflammable,  and  when  pure  burns  with  a 
lambent  blue  flame  at  the  surface  in  contact  with  the  air.  °  amm»bj«. 

Fill  a  small  jar  with  the  gas   and  holding  it  with  the  mouth  y,p, 
downwards,  bring  the  gas  into  contact  with  the  flame  of  a  candle. 

Fill  with  this  gas  a  bladder  which  is  furnished  with  a  stop- 
eock,  and  with  a  small  pipe,  of  diameter  less  than  that  of  a  com-   ''^' 
mon  tobacco-pipe.     Press  the  air  out  through  the  pipe,  and  on 
presenting  a  lighted  candle,  the  stream  will  take  fire,  and  con- 
tinue to  burn  with  a  pale  and  feeble  flame. 

Persons,  who  arc  provided  with  the  jars  represented  fig.  69, 
ff,  may  screw  to  the  cock  a  brass  pipe  with  a  small  aperture,  p^p. 
On  pressing  the  jar,  filled  with  hydrogen  gas,  into  the  water, 
and  opening  the  cock,  the  gas  will  be  forced  out  in  a  stream, 
which  may  be  set  on  fire.  On  this  prinriple  arc  Ibiinded  tlie 
artificial  fireworks  without  smell  or  smoke.  They  consist  of 
pipeij,  having  variously  sized  apertures,  some  of  which  have  a 
rotatory  motion.     H.  1.  233. 

336.  It   has   been    Ibund  by  Prof.  Dnchcrcincr,   that  wlicn  a 

stream  of  hydrogen  is  directed  upon  spongy  platinum  (obtnincd  i.ya.oo?'.?*^' ' 
by  adding  muriate  of  ammonia  to  a  solution  of  platinum  in  nilro-  ^""'»'' 
muriatic  acid)  the  platinum  soon  becomes  red  hot,  and  the  hydro- 
gen is  inflamed.  This  discovery  has  led  to  various  modifications 
of  the  inflammable  air  lamp  (329).  A  very  convenient  and 
ornamental  form  of  which  is  represented  in  i\^.  Si).  It  is  com- 
posed of  two  glass  vessels  fitted  to  each  other  by  grinding;,  ns  in 
the  apparatus  of  Gay-Lussac.  The  tube  «,  of  the  upper  vessel 
is  encompassed  by  a  cylinder  of  zinc,  wiiich  is  sup.orfcKl  by  a 
ring  of  cork  on  the  lower  part  of  the  tube.  The  plitinuni 
sponge  is  contained  in  a  small  brass  box  A,  attached  to  a  brnss 
wire  passing  through  a  collar  of  leather  and  which  can  ho  phu'cd 
at  any  distance  from  the  jet,  c  When  a  li'j^ht  is  rcq^iired  the 
cock  (lis  turned,  and  the  pressure  of  the  acid  liquor  iii  the  up.per 
vessel  expels  the  hydrogen,  as  in  the  apparatus  alrcj.uly  de- 
scribed. 


uoiiii         337.  If  mixed   willi   common  air,  hydrogen  burns  rapidly 

"  ""■       with  deionalion. 

Into  a  strong  phial,  capable  of  holding  about  6  ouoces  of 
water,  introduce  one  part  of  hydrogen  and  three  parts  of  com- 
mon air.  On  applying  a  lighted  canHle  or  a  red  hot  wire,  the 
mixture  will  explode,  This  experiment  may  be  performed  by 
means  of  an  apparatus  called  the  inflammable  air  pistol,  fig.  S7. 

«.nii.bio|  "fhis  instrument  consists  of  a  cylinder  of  brass,  about  three- 
fourths  of  an  inch  diameter,  and  six  inches  long,  in  the  form 
of  a  small  cannon  or  pistol-barrel,  properly  mounted,  and  hav- 
ing a  wire,  a,  passing  through  a  tube  of  ivory,  b,  and  not  quite 
touching  the  interior  of  the  cylinder,  at  the  part  usually  occu- 
pied by  the  touch-hole  ;  an  electric  spark  communicated  to  thit 
wire  inflames  the  mixture  of  hydrogen  and  atmospheric  air  in 
its  interior.  U  may  be  charged  by  previously  filling  it  with  dry 
sand,  and  emptying  it  out  into  a  phial  of  hydrogen,  which  rifoa 
into  iho  gun  sufficiently  mixed  with  air ;  the  muzzle  may  be 
secured  by  a  cork,  ivhich  is  expelled  with  much  violence  and  a 
loud  report,  upon  the  inflammation  of  the  gas.  It  may  be  also 
charged,  by  holding  ii  for  a  moment  over  the  open  jci  of  the 
instrument,  fig.  85,  always  taking  care  that  there  is  a  due  ad- 
mixture  of  atmospheric  air,  otherwise  the  electric  spark  will 
t-UOt  inflame  it. 

^^  ^^_,_  338.  If  the  experiment  be  repealed  with  oxygen   gas,  in- 

h  a>;i!'D,  stead  of  atmospherical  air  ;  changing  the  proportions,  and  mix- 
ing only  one  part  of  the  oxygen  gas  with  two  of  hydrogen,  the 

''*  report  will  he    considerably  louder.     The  bottle  should  be  a 

very  strong  one,  and  should  be   wrapped  round  with  clotb,  to 
prevent  an  accident. 
The  same  experiment  may  be  made  over  water,  by  means  of 

iby^.n.  ^'^^  electric  spark.     Procure  a  strong  lube,  about  three  quarters 

bimtccLtic  of  an  inch  diameter,  and  12  inches  long,  closed  at  one  end,  fig. 
I  sa.  About  a  quarter  or  half  an  inch  from  the  sealed  end,  let 
'  two  small  holes  be  drilled,  opposite  to  each  other,  and  into  each 
of  these  let  a  brass  conductor  be  cemented,  so  that  the  two 
points  may  be  distant  from  each  other,  within  the  tube,  about 
one  eighth  of  an  inch.  An  apparatus,  serving  the  same  purpose, 
and  mucli  more  easily  constructed,  may  be  formed  by  hermeti- 
cally sealing  a  piece  of  brast  wire,  or  still  better,  platina  wire, 
into  the  end  of  a  glass  lube,  fig.  8S,  c.  With  this  conductor,  an 
interrupted  circuit  may  be  formed,  by  introducing  into  the  tube 
a  longer  wire,  one  end  of  which  terminates  one-tenth  of  an 
inch  from  the  upper  one,  while  the  other  extends  beyond  the 
aperture  of  the  tube.  (See  fig.  S5.)  Into  this  tube,  standing 
over  water,  pass  about  half  a  cubic  inch  of  a  mixture  of  hydro- 
gen and  oxygen  gases;  in  the  proporlion  of  two  measures  of 
the  former  to  oue  of  the  latter.  Hold  the  lube  firmly,  and  pass 
an  electric  spark  through  Ihe  mixed  ^ases.  For  relieving  Ihc 
shock,  which  is  somclinies  considerable  on   firing,  an  ingenious 
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contrivance- of  Sir  H.  Davy  may  be  employed.     {PkUoa.  Mag- 
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i.  S.j|   The  first  eflfect  of  the  combustion  is  a  sudden 

consideribU  enlf  igement  of  yolume,  which  from  some  ex- 

of  Sir  H.  Darjr  (on  Flame jip*  90)  probably  amounts  to 

15  times  the  original  bulk  of  the  mixture.    After  this  the 

if  nerfeetly  pure,  and  in  the  proper  proportion,  will  be 

Ip  ntira  disappearad  entirely.    H.  1.  235. 

S99.  A  current  of  hydrogen  may  be  inflamed  when  issuing 

tm  e  aaaall  aperture,  and  if  a  tube  of  18  or  20  inches  in  length  ^ril^tbT" 
ig.  Wl^  be  held  over  the  flame,  a  peculiar  musical  tone  is  pro-  ^^^^^^H^^ 
jaaed.    This  efieet  is  not  peculiar  to  hydrogen,  but  is  pro-   ^ 
dosad   by  s  Tsriety  of  other  flames,  and   is  referable  to  the 
wnffwssinn  of  explosions  produced  by  the  combustion  of  the 
ni  ia  the  tobe.    (Faradat,  Journal  of  Science  and  the  Jirta^ 
VoLv.) 

840.  Hydrogen  gas,  though  inflammable  itself,  extinguishes  p^^^ 
ksndiig  bodies. — ^Bring  an  inverted  jar,  filled  with  this  gas,  fK>rt  MublT 
over  the  flame  of  a  candle ;  and  suddenly  depress  the  jar,  so  ^*''°* 
fliat  the  lighted  wick  may  be  wholly  surrounded  by  the  gas. 
The  candle  will  immediately  be  extinguished. 
,M1*  It  is  fatal  to  animals. — This  may  be  shown  by  con-  oriifa. 
faung^  in  the  gas,  a  mouse  or  other  small  animal. 

348.  The  tendency  which  gaseous  fluids  have  to  become  oawibavea 
completely  mixed  under  all  circumstances,  and  as  it  were  to  S^mVuiI^ 
penetrate  each  other,  is  well  illustrated  where  hydrogen  is  em-  ^*'^«'* 
ployed..   Thus,  if  two  small  phials,  the  one  containing  oxygen  ^^ 
and  the  other  hydrogen^  be  connected,  perpendicularly  by  a    '^* 
long  glass  tube,  of  small  bore,  it  will  be  found,  that  although 
the  hydrogen  be  uppermost,  and  much  lighter  than  the  oxygen, 
it  will,  in  the  course  of  a  few  hours,  have  perfectly  mixed  with 
the  oxygen,  and  the  gases  will  be  found  in  equal  proportious  in 
both  phials.     Mr  Dalton  has  shown  that  gases,  unlike  other 
fluids,  do  not  remain  upon  each  other  without   admixture. — 
Manchester  Memoirs^  Vol.  i.  New  Series. 

343.    The  flame  of  hydrogen  is  occasionally  employed  for  JJjjJJ^'f*'^* 
exciting  intense  heat;  and  it  has  been  found  when  mixed  with 
ozjgen  and  burned  as  the  mixture  issues  from  a  small  jet,  to 
excite  a  temperature  nearly  equal  to  that  of  the  arc  of  flame  in 
tlie  Voltaic  circuit.     A  blow  pipe  upon  this  construction  was 
first  made  by  Professor  Hare  of  Philadelphia  ;  it  consists  of  a 
cylindrical  vessel  of  tin,  fig.  89,  a,  or  what  is  preferable  copper, 
divided  in  the  middle  by  two  partitions,  so  as  to  form  two  dis- 
tinct reservoirs,  one  for  oxygen  and  the  other  for  hydrogen. 
Into  the  lower  part  of  each  reservoir  a  tube  d,  is  inserted  some- 
what obliquely,  as  in  the  common  gas  holder.     Above  the  re- 
servoirs is  a  conical  tin  funnel  c,  furnished  with  a  stop-cock  and 
connected  with  a  tube  which  immediately  below  divides  into 
two,  one  passing  to  each  reservoir.     A  tube  passes  out  from 
each  reservoir,  which  meet  in  a.  cone  d  (a  section  of  which 
is  represented  at  e).     The  gases   are  thus    mingled    and    are 
then  made  to  issue  through  a  capillary  tube  drilled  through  a 
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wire  of  silver  and  inserted  into  the  cone.*  The  lower  tubes 
being  closed,  the  apparatus  is  filled  with  waler,  and  the  gases 
introduced,  as  in  the  usual  method  of  filltnga  gas  holder.  The 
reservoirs  being  filled,  the  lower  tubes  are  closed,  and  waler 
poured  into  the  funnel,  on  opening  the  stop-cocks  the  gases  are 
propelled  through  the  jet.  When  substances  are  to  be  exposed 
to  the  action  of  this  instrument,  the  slop-cock  connected  with 
the  reservoir  of  hydrogen  should  be'  first  opened  and  the  gas 
may  be  inflamed ;  the  other  stop-cock  is  then  gradually  opened, 
and  the  oxygen  mixing  with  the  hydrogen,  an  intensely  high 
temperature  is  obtained. 

With  this  instrument  Professors  Hare  and  Silliman  have  ef- 
fected the  fusion  of  some  of  the  most  refractory  substances  in 
nature.     {Amer-Jour.  of  Science,  Vol.  II.  p.  2SI,  &c.) 

344.  The  blow  pipe  invented  by  Mr  Brooke  depends  for 
its  action  on  the  elasticity  of  compiessecl  air,  and  consists  of  a 
strong  copper  box,  fig.  90,  into  which  several  atmospheres  are 
crowded  by  means  of  a  condensing  syringe.  Various  ex[)cdi- 
ents  have  been  adopted  to  render  this  a  safe  substitute  for  the 
oxyhydrogen  blow  pipe  of  Dr  Hare.  The  most  efiectiial  of 
which  consists  in  interposing  between  the  flame  and  the  main 
reservoir  of  gases,  a  cylinder  containing  a  little  water  or  oil, 
through  which,  by  means  of  a  valve  at  the  bottom,  the  gases  are 
allowed  to  pass.  The  safely  of  the  instrument  is  increased  by 
the  interposition  ofa  bundle  of  capillary  tubes,  between  the  stop- 

.^cock  and  the  orifice  of  the  pipe  at  which  the  gases  are  inflamed. 

345,  In  the  blow  pipe  of  Mr  Gurney  the  mixed  gases  are 
contained  in  a  silk  bag,  or  bladder,  fig.  91,  d,  which  is  support- 
ed on  a  table  /,  /,  /,  and  the  necessary  degree  of  pressure  is 
obtained  by  weights  or  by  the  hand  upon  a  moveable  press  board 
tn,  below.  The  gases  are  conveyed  to  the  bag  by  means  of  a 
pipe  laid  into  and  across  the  table  furnished  with  a  slop-cock 
A,  upon  which  may  be  screwed  the  bag  g,  or  a  tube  connecteil 
with  a  gas  holder.  By  this  arrangement  the  apparatus  may  be 
kept  in  action  for  any  length  of  lime.  Between  the  reservoir 
d,  and  the  stop-cock  h,  a  valve  is  placed  to  prevent  the  return 
of  the  gases  when  pressure  is  applied  at  jii;  i,  i,  is  a  light 
pasteboard  or  wood  cap  which  in  case  of  an  explosion  of  the 
gazotneter  is  thrown  into  the  air,  by  (he  force  rupturing  the 
Strings  A",  k,  k,  A',  which,  from  its  exli:nt  of  surface  and  great 
lightness  is  arrested  by  the  atmosphere.  To  the  stop-cock  c, 
a  safety  apparatus  />,  is  attached,  which  is  filled  with  water  to 
the  height  b,  and  the  gases  pass  from  the  reservoir  d,  through 
a  Cube  reaching  to  the  bottom  of  the  vessel  ;  the  upper  part  of 
which  is  closed  by  a  cork  e;  in  case  of  an  explosion  of  the 
small  quantity  of  gas  above  the  surface  of  the  water,  the  cork 
is  thrown  up  ;  additional  security  is  obtained  by  a  small  cham- 
ber n,  containing  layers  of  wire  gauze.t  I 
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SM.  Hydrogen  and  oxygen. — When  two  volumes  of  hydro-  union  wuh 
gngM  are  mixed  with  one  volume  of  oxygen  gas,  and  the  mix-  <»>7k«d  na- 
ture inflamed  in  a  proper  apparatus  by  the  electric  sparky,  the 
gMBB  totally  disappear,  and  the  interior  of  the  vessel  is  covered 
with  drops  of  pure  water^  equal  in  weight  to  that  of  the^  gases 
eonaumed. 

847.  If  pure  water  be  exposed  to  the  action  of  Voltaic  elec-  compowtion 
tricity.  It  is  resolved  into  two  volumes  of  hydrogen,  disengaged  o^  ''»^'- 
at  the  negative  pole,  and  one  volume  of  oxygen,  disengaged  at 
the  positive;  so  that  water  is  thus  proved  by  synthesis  and 
analysis,  to  consist  of  two  volumes  of  hydrogen  combined  with 
one  volame  of  oxygen. 

348.  In  determining  the  proportion  of  the  elements  of  water, 
every  thing  will  depend  on  the  precision  with  which  the  spe-> 
eifie  gravities  of  oxygen  and  hydrogen  gases  are  ascertained. 
Aeeording  to  the  results  of  Dr  Thomson,  oxygen  gas  is  pre- 
cisely 16  times  heavier  than  hydrogen  gas,  and  according  to  . 
Berselius  and  Dulong  a  little  more  than  16  times ;  but  if  we 
take  16  to  1  as  the  nearest  approximation,  it  will  follow,  since 
water  consists  of  two  volumes  of  hydrogen  and  one  of  oxygen, 
that  eight  parts  by  weight  of  oxygen  and  one  of  hydrogen  con- 
stitute water ;  or  according  to  the  last  mentioned  chemists  it 
consists  of 

Oxygen 88,9 

Hydrogen 11,1 

100.     H.  1.  249. 

And  if  water  be  constituted  of  one  atom  of  oxygen  united  with 
one  atom  of  hydrogen,  if  we  represent  the  weight  of  the  latter 
by  1,  that  of  the  atom  of  oxygen  will  be  8,  and  1  +  8  =  9  is 
the  representative  number  for  water.     Or  thus 


Iljrdrogen. 

1 

Oxyjjen. 

8 

Water 

9 

If  we  assume  the  weight  of  oxygen  as  1,  hydrogen  will  be 
0,125,  and  the  representative  number  of  wat.er  1,125.  If  we 
conceive  that  water  is  composed  of  two  atoms  of  hydrogen  and 
one  of  oxygen,  we  must  double  the  number  for  oxygen,  in 
which  case  we  should  have  17  for  the  representative  number 
for  water. 

But  it  admits  of  being  proved  to  be  consistent  with  mechan- 
ical principles  that  the  most  energetic  combination  of  any  two 
elements  is  that  in  which  they  are  united  particle  to  particle. 
Until  therefore  the  contrary  can  be  established,  we  may  assume, 
with  Mr  Dalton,  that  water  is  a  binary  compound  of  1  atom  of 
oxygen,  and  1  atom  of  hydrogen.     H.  1.  219. 
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349.  Tlje  experiments  illustrating  the  composition  of  water 
may  be  divided  into  synthetic  and  analytic.  Among  these  the 
following  may  be  selected. 

Burn  u  current  of  hydrogen  under  the  funnel  a,  fig,  93  ;  by- 
uniting  with  the  oxygen  of  the  atmosphere  it  will  produce  aque- 
ous vapour,  which  passing  iolo  the  ginss  cylinder  b,  will  con- 
dense in  drops. 

Fig.  93,  represents  an  apparatus  for  showing  the  production 
of  water  by  burning  a  current  of  hydrogen  in  an  atmosphere 
of  oxygen,  a  is  a  glass  cylinder,  which  after  having  been  ex- 
hausted upon  an  air-pump,  is  filled  with  pure  oxygen.  &  is  a 
receiver  of  hydrogen  immersed  in  the  vessel  of  water  r,  by 
which  the  gas  is  compressed,  so  as  to  be  urged  through  the  ca- 
pillary opening  y,  when  the  stop-cocks  d  d  are  open,  e  is  a 
platinum  wire  by  which  the  gas  may  be  inflamed  by  an  electric 
spark.  It  burns  with  the  production  of  intense  heat,  and  water 
is  soon  collected  in  drops  upon  the  interior  of  the  cylinder. 

If  two  measures  of  pure  hydrogen  be  mixed  with  one  of 
>  pure  oxygen,  and  detonated  in  the  graduated  glass  tube  a,  fig.  8g, 
standing  over  water,  by  an  electric  spark  passed  through  the 
platinum  wires  6  b,  the  gases  will  entirely  disappear.  If  there 
be  any  excess  of  either  of  the  gases,  the  portion  in  excess  will 
remain  unconsumed. 

The  same  experiment  may  be  thus  varied,  fig.  94,  is  a 
very  strong  glass  vessel,  capable  of  holding  about  half  a  pint 
and  furnished  (besides  the  proper  contrivance  at  top  for  taking 
the  electric  spark  in  it)  with  a  brass  cap  and  cock,  by  means  of 
which  it  can  be  screwed  to  the  transfer  plate  of  an  air-pump. 
When  exhausted,  it  may  be  filled  with  a  mixture  of  oxygen  and 
hydrogen  gases,  in  the  proportion  of  one  measure  of  the  former 
to  two  of  the  latter,  and  an  electric  spark  may  be  passed  through 
the  mixture.  After  the  explosion,  when  time  has  been  given 
to  the  vessel  to  cool,  a  sensible  quantity  of  moisture  will  have 
condensed  on  Ihe  innor  surface  of  the  vessel,  and  by  repeating 
the  operation  frequently,  a  sufficient  quantity  of  fiuid  may  be 
collected  to  show  that  water  is  the  only  product. 

350.  The  water  produced  in  this  mode,  is  not,  however,  to  be 
consideredasacompoundofthe  two  gases,  but  only  of  their  bases, 
for  the  light  and  caloric,  which  constituted  the  gases,  escape,  in 
considerable  part  during  the  combustion.  Every  gas,  it  must 
he  rememhcred,  has  at  least  two  ingredients ;  the  one,  gravitat- 
ing matter,  ivhich,  if  separated,  would  probably  exist  in  asolid 
or  liquid  form  ;  the  other,  an  extremely  subtile  fluid,  termed 
caloric  and  perhaps  electricity  and  light.  The  compound, 
water,  is  therefore  said  to  be  composed  of  hydrogen  and 
oxygen,  tiie  buses  of  the  gases,  and  not  of  hydrogen  and  oxy- 
gen gases. 

351.  Water  may  be  decomposed  or  resolved  into  its  elements 
by  a  varicly  of  processes,  the  most  important  of  which  are  the 
following  : 
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Fig.  95,  a,  is  a  glass  retort,  into  which  is  introduced  a  given 
weif^t  of  water ;  6  6,  a  small  furnace  through  which  passes  the 
earthen,  or  iron,  tube  c  c,  which  terminates  in  the  spiral  pewter 
wire,  tube  d  d,  immersed  in  water.  A  given  weight  of  pure  iron 
coiled  up,  is  introduced  into  the  tube  c,  and  the  whole  made 
red  hot ;  the  water  in  a  is  then  made  to  boil,  and  the  vapour, 
on  eoming  into  contact  with  the  red  hot  iron,  is  in  part  decom- 
posed ;  the  oxygen  is  retained  by  the  iron,  and  the  hydrogen 
escaping  through  the  tube  y*,  may  be  collected  as  usual.  Any 
decomposed  portion  of  water  is  condensed  in  the  worm-pipe  d, 
and  drops  into  the  vessel  e.  After  this  experiment  the  iron 
will  be  found  to  have  increased  in  weight;  and  if  attention  be 
paid  to  the  quantity  of  water  which  has  collected  in  e,  and  to 
the  weight  of  the  hydrogen  gas  evolved,  it  will  be  found  that 
the  weight  gained  by  the  iron,  added  to  that  of  the  hydrogen, 
will  be  equal  to  the  weight  of  the  water  which  has  disappeared. 
Lavoisier  concluded,  from  an  experiment  thus  conducted,  that 
water  consisted  of  85  per  cent,  by  weight  of  oxygen,  and  15 
by  weight  of  hydrogen  ;  that  is,  that  for  every  15  grains  of  hy- 
drogen evolved,  85  grains  of  oxygen  were  condensed  by  the  iron. 

352.  The  processes,  by  which  the  elementary  parts  of  water 
are  separated  from  each  other,  and  are  both  obtained  in  an  aeri- 
form state,  as  a  mixture  of  hydrogen  and  oxygen  gases,  are 
dependent  on  the  agency  of  electricity. 

The  first  of  these  experiments  requires  for  its  performance  Styf^"*^"   . 
the  aid  of  a  powerful  electrical  machine.     This  fact  was  the 
discovery  of  a  society  of  Dutch  chemists  ;   and  the  principal 
circumstance,  in  the  experiment,  is  the  transmission  of  electri- 
cal shocks  through  a  confined  portion  of  water.     The  apparatus 
employed,    in   this  experiment   of  Messrs.    Dieman   and   Van 
Troostwyk,  is  a  f^i-^ss  lube,  about  one-Sth  of  an  inch  diameter, 
and  12  inches  lonor,  one  of  the  ends  of  which  is  sealed  hermet- 
ically, a  t^old  wire   beinsj  inserted  at  this  end,  and  projecting 
about  an  inch  and  a  half  within  the  tube.     About  the  distance  of 
live-Sths  of  an  inch  from  the  extremity  of  this,  another  wire  is 
lo  be  fixed,  which  may  extend   to  the  open  end  ot  the  tube. 
The  tube  is  next  to  be  filled   with  distilled   water,  and   to  be 
placed   inverted  in  a  vessel  of  the  same.     When  thus  dJNposcd, 
electrical  shocks  are  to  he  passed  between  tiie  two  ends  ol  the 
wire,  throufijh  the  water;  and,  if  these  shocks  be  suHicienlly 
strontr,   bubbles  of  air  will  be  formed  at  each    explosion,  and 
will  ascend  till  the  upper  part  of  the  wire  is  uncovered  by  the 
Wdter.     As  soon  as  this  is  effected,  the  next  shock  that  is  ])asscd 
will  set  fire  to  the  mixed  gases,  and  the  water  will  rise  a^ain 
in  the  tube,  a  very  small  (juantity  of  gas  remaining.     Now,  as 
hydrogen  and  oxygen  gases,  in  a  state  of  admixture,  are  the 
only  ones  that  are  capable  of  being  inflamed  by   the  electric 
shock,  and  as  there  is  nothing  in  the  tnbe^  beside  water,  that 
can  afford  them  in   this  experiment,   we  may  safely  infer,  that 
the  evolved  h3'drogen  and  oxygen  gases  arise  from  decomposed 
water. 


110 


WATER. 


By  VolUic 
•dcctitcitj. 


By  Vnwf 
▼egetablci. 


Eip< 


353.  The  decomposition  of  water  by  galvanic  electricity  is  a 
process  singularly  adapted  to  demonstrate  the  fact  in  a  simple 
and  elegant  manner,  since  it  exhibits  both  the  oxygen  and  hy- 
drogen in  the  gaseous  form.  Fig.  96,  represents  a  section  of 
an  apparatus  for  this  purpose.  It  is  a  glass  vessel  containing 
water,  having  two  wires  of  platinum,  a  a,  passing  through  its 
bottom :  over  these  are  inverted  the  tubes  b  A,  also  filled  with 
water.  The  wires  are  rendered  positive  and  negative  by  con- 
nexion with  a  moderately  powerful  Voltaic  apparatus.  Oxy- 
gen is  evolved  at  the  positive  wire,  and  hydrogen  at  the  negative 
wire,  which  gases  rise  into  the  tubes,  and  it  is  seen  that  one 
volume  of  oxygen,  o,  and  two  volumes  of  hydrogen,  A,  are  the 
constant  results.  If  these  gases  be  mixed  and  detonated,  pure 
water  is  again  formed. 

354.  Another  mode  of  effecting  the  decomposition  of  water 
yet  remains  to  be  mentioned,  in  which,  not  the  hydrogen,  but 
the  oxygen  is  obtained  in  a  gaseous  state.  This  is  by  the  ac- 
tion of  living  vegetables,  either  entire,  or  by  means  of  their 
leaves  only.  Fill  a  clear  glass  globe  with  water,  and  put  into 
it  a  number  of  green  leaves,  from  almost  any  tree  or  plant.  A 
sprig  or  two  of  mint  will  answer  the  purpose  perfectly  well. 
Invert  the  glass,  or  place  it,  with  its  mouth  downwards,  in  a 
vessel  of  water.  Expose  the  whole  apparatus  to  the  direct 
light  of  the  sun,  which  will  then  fall  on  the  leaves  surrounded 
by  water.  Bubbles  of  air  will  soon  begin  to  form  on  the  leaves, 
and  will  increase  in  size,  till  at  last  they  rise  to  the  top  of  the 
vessel.  This  process  may  be  carried  on  as  long  as  the  vegetable 
continues  healthy  ;  and  the  gas,  when  examined,  will  prove  to 
be  oxygen  gas,  nearly  pure.  In  this  experiment,  the  hydrogen 
combines  with  the  plant,  to  the  nourishment  and  support  of 
which  it  contributes,  while  the  oxygen  is  set  at  liberty.  H. 
1.251. 

355.  Water,  in  its  ordinary  state,  such  as  spring  and  river 
water,  is  always  so  far  contaminated  with  foreign  substances  as 
to  be  unfit  for  many  chemical  purposes,  and  frequently,  as  will 
be  more  fully  shown  hereafter,  even  for  domestic  use.  Rain- 
water is  much  more  pure,  but  it  always  cpntains  a  portion  of 
carbonic  acid  and  of  the  elements  of  atmospheric  air,  besides  ap- 
preciable traces  of  vegetable  or  animal  matter ;  to  the  latter  it 

HMerojreni"-  qwcs  its  property  of  becominff  putrid  when  kept.  The  distinc- 
tion  of  water  into  hard  and  soft  has  reference  to  its  less  or 
greater  purity.  The  impurities  of  water  are  separated  by  dis- 
tillation, which  process  is  usually  conducted  upon  the  large 
scale  in  a  copper  boiler,  fig.  97,  placed  either  in  a  portable  fur- 
nace, or  set  in  brickwork,  according  to  its  dimensions,  to  which 
is  annexed  a  head,  b,  of  the  same  niaterial,  or  of  pewter,  con- 
nected with  a  spiral  tube  or  worm,  which  is  immersed  in  the 
worm-tub,  or  refrigerator  d,  its  lower  end  passing  out.  The  wa- 
ter in  the  worm-tub  must  always  be  retained  of  a  low  temper- 
ature to  effect  the  condensation  of  the  vapour  in  the  spiral  tube. 
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Sft.  IHsiilled  watery  as  commonly  prepared,  always  afibrds 
miMta  traces  of  foreign  matter,  especially  when  subjected  to 
YolUie  decomposition,  and  can  only  be  considered  as  perfectly 
pare  when  re-distilled  at  a  low  temperature  in  silver  vessels. 

357.  Pure  water  is   transparent,  and  without  either  colour,  Properties. 
taste  or  smell.     In  consequence  of  the  facility  of  obtaining  it 

pare,  it  is  assumed  as  a  standard  to  which  the  relative  weight 
of  all  other  bodies  may  be  compared,  its  specific  gravity  being 
called  =ss  1,000,  and  hence  the  importance  of  estimating  its  st>.n«iRrdof 
weight  with  pfecision.  At  the  temperature  of  40°  it  is  at  its  ''^^jj", 
maximum  of  density,  and  at  that  temperature  an  English  cubic 
foot  weighs  437102,4946  grains,  (Thomson's  System^  Vol.  ii. 
p.  18.)  or  999,0914161  ounces  avoirdupois^  and  the  cubic  inch 
252,953  grains. 

358.  At  the  temperature  of  32°  water  congeals    into    ice,  r^,, 
which,  if  slowly  formed,  produces  needles  crossing  each  other 

at  angles  of  60°  and  120°.  The  specific  gravity  of  ice  is  0,94. 
Exposed  to  the  air,  ice  loses  considerably  in  weight  by  evapo- 
ration. 

359.  If  water  be  exposed  to  heat  in  open  vessels  it  boils,  or 
is  converted  into  steam,  at  212%  the  barometer  being  at  30 
inches  ;  but  the  boiling  point  of  water  varies  considerably  with 
the  pressure  (137.)  The  specific  gravity  of  air  being  considered 
8s=l ;  that  of  steam  is  0,625.  At  mean  pressure,  and  at  the 
temperature  of  212°,  the  bulk  of  steam  is  1700  times  greater  BoiUngpoint. 
than  that  of  water. 

360.  .Water  is  susceptible  of  compression,  as  was  originally 
shown   by  Canton,  and  more  lately  by  Mr  Perkins,  who  has 
estimated,  in  an  ingenious  series  of  experiments,  the  rate  of  its 
compression.  {Phil.  Trans,  1820.)     If  submitted  to  very  sud-  {^j^"''"'*"" 
den  compression,  water  becomes  luminous,  as  has  been  shown 

by  M.  Desaignes. — Thenard,  Traiti  de  Chimiey  i.  432. 

361.  Water  enters  into  combination  with  a  variety  of  sub- 
stances, and  is  retained  with  various  degrees  of  force  :  where 
it  contributes  to  the  regular  form  and  transparency  of  crystal- 
lized bodies,  it  is  termed  water  of  crystallization  (17).  In 
other  cases  the  compounds  which  water  forms  with  substances 

are  called  hydrates^  as  with  many  of  the  metallic  oxides ;   in  Hydmtet. 
both  cases  it  may  be  considered  as  one  of  the  constituents  of 
the  bodies,  for  it  exists  in  them  in  a  definite  proportion. 

362.  Water,  which  has  been  exposed  to  the  atmosphere,  w«f.rroo- 
always  contains  a  portion  of  air,  as  may  be  proved  by  boiling 
it,  or  by  exposing  it  under  the  exhausted  receiver  of  the  air- 
pump.  To  separate  the  air,  the  water  must  be  boiled  for  about 
two  hours.  It  absorbs  oxygen  gas  in  preference  to  atmospheric 
air  or  nitrogen,  and  when  the  air  is  expelled  by  boilinp:*  the  last 
portions  contain  more  oxygen  than  those  first  given  off. — Hum- 
boldt and  Gay-Lussac,  Journal  de  Physique^  1S05. 

363.  JNI.  Thenard  has  shown  that  water  may  be  united  to  a 
considerable  excess  of  oxygen  by  means  of  peroxide  of  barium. 
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ji  {Quarterly  Journal,  Vgl.  viil.  p.  114.)    The  specific  gravity 
"  or  oxygenated  water  is   about  1,45.     it  acts  as  a  caustic  upon 
the  skin  ;  detonates  violently  when  dropped  upon  dry  oxido 
of  silver,  or  upon  most  of  the  metals  finely  divided.     This  sin- 
gular compound  may  be  termed  peroxide  of  hydrogen :  ita 
properties,  and  the   process  for  obtaining  it,  which  is  complex 
and  circuitous,  have  been  fully  detailed  by  its  discoverer,  ud 
will  be  adverted  to  under  the  article  Peroxide  of  Barium. 
361.  Every  gas  is  absorbed  by  water,  which  has  been  de« 
,,  privcd  of  all  or  the  greatest  part  of  its  air  by  long  boiling.     The 
'   quantity,  however,  which  water  is  capable  of  absorbing,  varies 
considerably  with   respect  to  the  different  gases.     Those  ^asei, 
of  which   only  a  small    proportion    is  absorbed,  require  violent 
and  long  continued  agitation  in  contact  with  water.     H.  1.  253. 
In  the  common  process  of  manufacturing   soda    water  3  large 
quantity  of  carbonic  acid  gas  is  absorbed  by  the  water,  and  an 
additional  portion  is  mechanically  united  with  it  by  powerful 
compression. 

For  the  quantity  of  different  gases  which  water  is  capable  of 
absorbing,  see  Tables. 

365.  As  hydrogen  is  the  lightest  known  substance,  it  is  as- 
sumed,as  already  remarked  (70),  by  many  chemists  as  unity,  in 
reference  to  the  representative  numbers  of  other  bodies.  The 
principle  of  numeric  representation,  or  of  equivalent  or  propor- 
tional numbers,  has  been  adverted  to  (69)  and  the  following 
will  be  the  rcpresenlative  numbers  of  some  of  the  bodies  de- 
scribed in  the  foregoing  sections,  the  number  for  osygen  being 
deduced  from  the  composilion  of  water  (34S),  and  of  chlorine 
and  iodine  from  the  muriatic  and  hydriodic  acids. 

Hjdro^n t 
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9M«  Hjfdrogen  and  Chlorine. — ^When  equal  volumes  of  Muriatic  acid 
tben  gases  are  mixed  and  exposed  to  li^ht,  they  combine  and  ^*** 
prodoce  a  sour  compound  commonly  called  muriatic  acid  gas  ; 
or  in  conformity  to  more  modern  nomenclature  hydrochloric 
acid  gas. 

367.  Chlorine  and  hydrogen  gases  act  with  considerable  en- 
ergy open  each  other,  and  with  different  phenomena  according- 
ly as  the  experiment  is  conducted. 

If  a  phial  be  entirely  filled  with  a  mixture  of  hydrogen  and  ^''P' 
chlorine  gases  in  equal  proportions,  and  a  well  ground  stopper  ^^fj^.^^**  ^\ 
be  introduced*,  oo  action  takes  place,  provided  light  be  carefully  Hjdrocea. 
and  completely  excluded,  even  by  standing  some  time;  but  on 
applying  a  lighted  paper,  the  gases  immediately  explode.     H. 
1.  264, 

Into  a  small  but  strong  vessel,  guarded  from  the  light,  intro-  Fxp. 
duce  equal  volumes  of  the  two  gases,  and  inflame  the  mixture 
by  the  electric  spark,  no  change  of  volume  ensues,  and  muri- 
atic gas  results.  The  apparatus  shown  at  fig.  94,  may  be  used 
for  this  purpose.  The  vessel  should  be  previously  exhausted 
by  the  air  pump,  and  if  after  the  detonation  the  stop-cocks  be 
opened  under  mercury,  none  of  that  fluid  will  enter,  proving 
that  the  volume  of  the  gas  has  not  been  diminished  ;  but  if  it  be 
removed  to  a  vessel  of  water,  and  left  there  for  a  few  minutes, 
the  water  will  be  found  to  have  ascended  and  entirely  filled  the 
vessel.  Hence  a  gas  must  have  been  generated  by  the  combus- 
tion, which,  though  not  absorbable  by  mercury,  is  condensable 
by  water. 

368    If  a  phial  containing  the  mixed  gases  be  exposed  to  the  Exp. 
sun's  rays  a  detonation  will  ensue  which  will  probably  drive  out  Effector 
the  stopper.     But  if  this  should  not  happen  the  stopper  may  ^'s^'t- 
be  removed  under  water,  which  will  ascend  and  completely  fill 
the  phial  as  in  the  former  experiment. 

The  agency  of  light  may  be  beautifully  shewn  by  filling  a  g, 
tube  about  half  an  inch  diameter,  and  12  inches  long,  with  the 
mixed  gases,  and  alternately  shading  it  with  an  opake  cover, 
and  exposing  it  to  the  sun's  rays.  The  moment  the  tube  is 
exposed  even  to  the  diffused  light  of  day,  a  cloudiness  will 
appear  within  it,  and  the  water  will  ascend  more  or  less  rapidly 
according  to  the  intensity  of  the  li;rht.  The  effect  oven  of  a 
passing  cloud  is  distinctly  seen  in  retardinij:  tlie  rapidity  of  the 
combination,  which  is  very  striking  in  the  full  solar  li<;^ht. 

369.  It  had  been  supposed  that  the  direct  beams  of  the  sun 
^vere  necessary  to  explode  a  mixtur(*K»f  chlorine  and  !iyclrogen 
gases;  but  Professor  Silliman  !as  re'ateil  the  accidental  explosion 
of  a  mixture  of  the  gases,  in  the  quantity  tliat  filled  a  Florence 
oil  flask,  not  only  when  no  direct  solar  lii;ht  fell  upon  it,  but 
when  the  diffuse  light  of  day  was  rendered  more  feeble  than 
common  by  a  thick  snow-storm.  (See  Amer,  Jour,  of  Scictice, 
HI.  342.)  This  fact  furnishes  a  caution  against  mixing  the  two 
^ases  in  considerable  quantities.     H.  1.  266, 
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ai-  370.  The  intense  lis'it  issuing  from  charcoal  points  connected 
"^  with  a  powerful  galvanic  battery  has  bten  found  by  Mr  BranOe, 
as  effectual  as  solar  liRhl  in  acting  on  hydro<;en  and  chlorine 
gases^  shuwiu]^  n  curious  analofry  between  cieclric  and  solar 
light ;  for  ordinary  artificial  lislil  docs  not  accelerate  the  combi- 
nation.    BnANDE,  Phil.  Trans,  l^io. 

371.  To  obtain  muriatic  acid  j^as  in  sufficient  quantity  for  ihe 
exhibition  of  its  properties,  the  direct  combination  of  chlorine 
and  hydrogen  gases  is  not  an  eligible  process.  It  may  be  pro- 
curi'd  much  more  conveniently  in  the  following  manner. 

Let  the  tubulated  ^as  boltle,  fi;^.  OS,  a,  be  about  one  fourth, 
or  one  third,  filled  with  well  dried  chloride  of  sodium,  (common 
salt)  in  lumjis,  not  in  powilor.  To  this  adapt  the  acid  holder, 
b,  filled  with  CO  II  cent  rated  sulphuric  acid  ;  and  let  the  aperture 
of  the  bent  pipe  c,  terminate  under  ajar  filled  with,  and  inverted 
iniquiclcsilvcr.  Open  the  communication  between  the  acid  and 
the  suit,  by  turning  the  cock,  d ;  and  immediately  on  the  con- 
tact of  these  two  bodies,  an  immense  qunntity  of  muriatic  ,icid 
gas,  will  be  disengaged.  A  common  or  tubulated  gas  bollte, 
or  tubulated  retort  will  answer  sulBciently  well  for  procuring 
the  gis.  The  first  portions,  that  come  over,  may  be  allowed  ta 
escape  under  a  chimney  ;  because  ihey  are  contaminated  by 
the  admixture  of  common  air  present  in  the  boltle.  The  sub- 
sequent poriiuns  may  be  preserved  fur  use.  This  gas  was  first 
-  obtained  pure  by  Dr  Prit^slley,  but  its  composition  was  discov- 
ered by  Scheele,  and  has  since  been  most  alily  investigated  by 
Sir  H.  D^ivy.     H.  268. 

372.  Muriatic  acid  gas  has  a  very  pnngent  smelt;  and  is  suS-  , 
rienlly  caustic  to  blister  the  skin,  when  applied  to  it  for  some  ; 
time. 

373.  When  brought  into  contact  with  common  air,  il  occasions 
a  white  cloud.  This  is  owing  to  its  union  with  ihe  aqueous 
vapour,  which  is  always  present  In  the  atmosphere. 

374.  It  extinguishes  a  li^^hted  candle.  Before  the  flame  goes 
out,  the  upper  part  of  it  assumes  a  greenish  hue,  the  cause  of 
which  has  not  yel  been  expluincd.  A  while  vapour  also  sur- 
rounds the  extinguished  wick,  owing  lo  tlie  comliinalion  of  wb- 
ter,  produced  by  the  combustion  of  the  canille,  with  the  muriatic 
acid  gas. 

375.  It  is  heavier  than  common  air.  lis  speeific  gravity, 
air=I  is  1,2S-J73  and  100  ruble  lncli(-s  weigh  39.IS39.  Its  spe- 
cific gravity,  oxygen  =  1,  is  I,l5li25,  T;  compared  with  hy- 
drogen it  13=  1S,S. 

376.  Muriatic  acid  may  be  decomposed  by  the  action  of  ser- 
erni  of  the  metals.  Potassium,  fur  instance,  absorbs  the  chlo- 
rine and  the  hydrogen  is  evolved;  muriatic  acid  eas  thus  affords 
half  its  volume  of  hydrosi'n.  As  the  specific  gravity  of  hydro- 
gen to  chlorine  is  as  I  lo  36.0.  muriatic  acid  will  coiisisi  of  1 
hydrogen  +  30,0  clilorinc  and  its  representative  number  will  be 
37,0, 
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Hydrogen 
1. 

Chlorioe 

HunAtic  Acid 
81,0 


When  oxygen  is  taken  as  the  unit  the  atomic  weight  of  mu- 
riatic acid  is  4,625. 

377.  The  muriatic  acid,  in  its  purest  form,  exists  in  the  state 
of  a  gas,  which  is  permanent  over  mercury  only.  For  exhibit- 
ing its  properties,  therefore,  a  mercurial  apparatus  is  absolutely 
necessary. 

378.  Muriatic  acid  gas  is  greedily  absorbed  by  water,  which 
at  40^  F.  Sir  H.  Davy  found  (o  take  up  about  480  times  its  bulk, 
forming  a  solution  of  specific  gravity  1,2109.  (Elements^  p. 
252.) 

Fill  a  narrow  jar,  or  tube  closed  at  one  end,  with  muriatic  k>p- 
acid  gas,  over  mercury,  and  through  the   latter  pass  up  a  few 
drops  of  water,  the  gas  will  be  rapidly  absorbed,  and  the  mer- 
cury will  rise  into  the  vessel. 

Into  a  similar  vessel  filled  with  the  gas  introduce  a  piece  of  k^p* 
ice;  it  will  be  liquefied,  almost  as  rapidly  as  if  touched  with  a 
red  hot  iron,  and  the  gas  will  be  absorbed. 

379.  It  is  in  this  state  of  watery  combination  that  muriatic 
acid  is  kept  for  chemical  purposes,  and  all  the  processes  for  pre- 
paring the  liquid  acid  have  for  their  object  the  disengagement 
of  muriatic  acid  gas,  and  its  absorption  by  water. 

3S0.  For  saturating  water  with  this  gas  we  commonly  employ  Liqaid imina- 
Woulfe's  apparatus.  The  retort  l)eing  furnislied  with  the  hent  oU JiJ^^j '**"' 
tube,  fir,  fig.  23,  and  placed  in  a  sand  bath.  The  junctures  should 
be  carefully  luted,  and  the  acid  sJiould  be  added  to  the  salt  in 
the  retort  at  intervals.  The  wnter  employed  may  amount  to 
half  the  weight  of  the  salt,  and  may  be  equally  distributed  be- 
tween the  bottles.  Tliese  it  is  better  to  surround  with  cold 
water,  or,  still  preferably,  with  ice  or  snow  ;  because  the  con- 
densation of  the  gas  evolves  considerable  heat,  which  prevents 
the  waier  from  attaining  its  full  impregnation.  When  the 
whole  of  the  sulphuric  acid  has  been  added,  and  the  gas  no 
longer  issues,  let  a  fire  be  lighted  in  the  furnace,  beneath  the 
sand  bath,  removing  the  bent  tube  a,  and  substituting  a  well 
ground  glass  stopper.  This  will  renew  the  production  of  gas; 
and  the  temperature  must  be  preserved,  as  long  as  gas  con- 
tinues to  be  evolved.  At  this  period  it  is  necessary  to  keep'Z 
the  luting  which  connects  the  retort  and  receiver,  perfectly 
cool.*  Towards  the  close  of  the  process,  a  dark-coloured  liquid 
is  condensed  in  the  first  receiver,  consisting  of  a  mixture  of  sul- 
phuric and  muriatic  acids.  When  nothing  more  comes  over, 
the  operation    may  be  suspended,  and  the  liquid  in  the  two  re- 

*  The  clajT  and  i&nd  Itte  i^  the  best  for  tbii  juncture. 
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eeiverd  must  be  preserved  in  bottles  with  ground  stoppers.1 
consists  of  liquid  muriatic,  or  hyilrochlorie  ncid.     H.  269, 
^        SSI.  hwasuaual.saysSirH  Davy,  to  explnin  the  pile 

which  are  observed  in  these  processes,  by  saying  that  the  sul- 
phuric acid  by  its  superior  affinity,  aided  by  heat,  expelled  the 
muriatic  acid  gas  from  the  sail  and  united  with  its  soda.  But 
as  neither  muriatic  acid  nor  soda  exists  in  common  salt  (it  being 
a  compound  of  chlorine  and  sodium)  we  must  modify  ihe  ex- 
planation. The  water  of  the  sulphuric  acid  is  conceived  lo  be 
first  decomposed,  its  osvgen  unites  to  ihe  sodium  to  form  sodi 
which  is  seized  on  by  the  sulphuric  arid,  tvhile  the  chlorine 
combines  with  the  hydrogen  of  the  water,  and  exhales  in  the 
form  of  muriatic  acid  gas. 

3fi2.  When  muriatic  acid  is  thus  dissolved  in  water,  it  foni^t 
the  liquid  muriatic  acid,  OT  spiri  I  of  salt.  When  pure  it  is  per- 
fectly colourless,  but  it  generally  has  a  yellow  hue  arising  from 
accidenttil  impurities.  Its  yellow  colour  is  sometimes  owing 
to  muriate  of  iron  :  it  is  instanlly  destroyed  by  a  few  dropi 
of  muriate  of  tin,  but  this,  instead  of  diminishing,  obviously  in- 
creases the  impurity  of  the  acid.  When  prepared  by  Woulfe't 
apparatus,  the  product  in  the  second  battle  is  always  perfectly 
pure.  It  sometimes  contains  sulphuric  acid,  which  may  be 
discovered  by  muriate  of  baryta  occasioning  a  white  precipitiitei 
the  acid  may  be  purified  by  redistillation  from  a  fi-esh  portion 
of  common  salt. 

383.  The  specific  gravity  of  the  acid  of  commerce  is  generally 
about  I, '56  ;  but  when  obtained  by  means  of  Woiilfe's  appa- 
ratus, and  especially  when  the  bottles  are  surrounded  by  ice  or 
■now.  it  approaches  1,500.' 

384.  Liquid  muriatic  acid  emits  white  sufibcating  fumes,  con- 
lisling  of  muriatic  acid  gas.  which  become  visible  by  contact 
with  the  moisture  of  the  air  (37.1).  When  healed  in  a  retort, 
the  gas  is  disengaged,  and  may  be  collected  oi'er  mercury-  It 
is  not  decomposed  by  Ihe  contact  of  charcoal,  or  other  combusti- 
ble bodies.  When  diluted  with  water,  an  elevation  of  lempera- 
tute  is  produced,  less  remarkable,  however,  ihan  that  occasioned 
by  diluting  sulphuric  acid  (42) ;  and  when  Ihe  mixture  has  cool- 
ed to  its  former  temperature,  a  diminution  of  volume  is  fouoil 
to  have  endued. 

385.  Muriatic  acid  combines  readily  with  alkalies,  and  with 
*"  most  of  the  earths,    both  in  their  pure  and  carbonated  stale. 

It  is  specificallv  heavier  than  water.  H.  1.  212, 
,  386.  When  liquid  muriatic  acid  is  brought  inio  contact  with 
■■  any  substance  containing  oxygen  in  a  state  of  loose  combina- 
tion, the  hydrogen  of  the  acid  unites  with  the  oxygen,  and 
forms  water,  while  the  chlorine  is  liberated  in  a  gaseous  state. 
It  is  in  this  way  that  chlorine  is  procured  for  the  purposes  pf 
chemistry  and  the  arts  ;    but  instead  of  liquid  muriatic  acid  it 
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is  naal  to  substitute  materials  capable  of  furnishing  the  acid 
gas  as  already  described. 

387.  Concerning  the  nature  of  chlorine  and  muriatic  acid^  NMawof 
the  opinions  of  chemists  have  undergone  frequent  chants.     By  Liri*Sc  Mid. 
Scheele,  the  discoverer  of  chlorine,  muriatic  acid  was  conceived 

to  be  compounded  of  a  certain  base  and  an  imaginary  principle 
called /7A/o^i^/o/),  of  which  it  could  be  deprived  by  the  action 
of  certain  bodies.  But  as  it  was  afterwards  found  that  all 
bodies  which  are  capable  of  producinis:  this  chan<i;e  in  muriatic 
acid  contain  oxygen,  and  that  their  proportion  of  oxy&;en  is 
diminished  by  the  process,  it  was  concluded  that  what  takes 
place  in  the  action  of  metallic  oxides  on  muriatic  acid  is  simply 
the  transfer  of  oxyg;en  from  the  oxide  to  the  acid,  and  the  gas 
which  resulted  was  then  called  oxt/muriatic,  or  oxygenated 
muriatic  acid.  This  view  of  the  subject  was  modified  in  con- 
sequence of  the  experiments  of  Sir  H.  Davy,  and  he  was  led 
to  consider  the  muriatic  acid  as  a  compound  of  a  certain  basis 
with  water^  and  the  oxymuriatic  as  a  compound  of  the  same 
basis  with  oxygen.  It  was  found,  for  example,  that  when  a 
metallic  oxide  was  heated  in  muriatic  acid  gas,  oxymuriatic  acid 
was  obtained,  and  watrr  appeared  in  a  separate  state.  It  was 
therefore  evident  that  the  acid  gas  must  either  have  contained 
water  ready  formed  ;  or  the  elements  of  water ;  or  hydrogen 
capable  of  forming  water  with  the  oxygen  of  the  oxide. 

388.  Subsequent  experiments  led  to  a  different  theory,  and 
oxymuriatic  acid  is  now  considered  by  Sir  H.  Davy,  as  a  simple 
or  undecompounded  substance,  and  muriatfc  acid  as  a  compound 
of  that  simple  substance  with  hydrogen.  Thus,  according  to 
tliis  view,  to  convert  muriatic  acid  into  chlorine  we  have  only  to 
abstract  the  hydrogen  of  the  acid  ;  and  to  convert  chlorine  into 
muriatic  acid,  we  have  only  to  supply  it  with  hydrogen  (366). 

389.  The  oxymuriatic  acid  or  chlorine  (as  it  is  now  called)  is        ^ 
supposed  to  unite  at  once  with  the  metals,  without  requiring, 
like  the  sulphuric,  nitric  and  other  acids,  that  the  metals  should 
first  be  in  the  state  of  oxides.*     H.  1.  275. 

390.  Hydrogen  and  Iodine  exert  a  slow  action  under  ordi-  Hvariodie 
nary  circumstances ;  but  when  iodine  is  presented  to  nascent 
hydrogen,  they  readily  unite,  and  produce  a  gaseous  acid,  the 
hydriodic  acid.  It  is  prepared  by  the  action  of  moist  iodine 
upon  phosphorus,  and  must  be  received  over  mercury  ;  which, 
however,  soon  acts  upon  and  decomposes  it,  so  that  it  should    - 

be  transferred  as  sp>eedily  as  possible  into  an  exhausted  vessel. 

391.  In  procuring  it,  it  is  convenient  to  use  .a  small  retort  or 
bent  tube,  into  the  bulb  of  which  is  introduced  the  iodine,  and  a 
small  stick  of  phosphorus  placed  in  the  neck  above  it,  which 
can  be  shaken  down  upon  the  iodine  when  the  beak  of  the  tube 

«  For  a  fall  Aceooatof  tbe  opiaions  which  hare  b««n  maioUin^d  in  rrg-ard  tn  this  fi  bj*ct,  the 
rtmier  is  referred  to  the  controTersT  between  Dn  Marrajr  aod  J.  Davj.  io  the  34th  toI.  of  N'icboltoo'i 
J««.  ;  to  Sir  H.  DaTj*a  paper  in  the  Phil.  Trans,  for  1818.  p.  169 ;  to  tb^  8th  toI.  of  Tram,  of  tb« 
JUt*!  Soc.  Edior. ;  the  Aaaab  of  Pbilosophj.  xii.  379  and  itiL  S6.  285 ;  and  to  a  paper  bj  Mr  R.  Pbil- 
Kp«  ta  the  new  •erics  •£  Hat  wwfc,  Vot  i.  p.  37,  oa  tbc  actioa  of  ehlcrides  oo  waler. 


or  retort  is  placed  under  ilie  inverted  jor;  a  quantity  of  thefl 
is  inslaiilly  and  viiiitnlly  Keneraiecl,  and  a  furtiier  portioM 
obhiined  on  applyi'is[  the  6aine  ur  a  spirit  lamp. 

The  gas  mny  also  be  received  into  a  vessel  of  common  | 
which  il  *>x|jeJs  by  its  superior  (travily. 
""■  f  "     393.   Hviiriodic  acid  is  colourless,  very  sour,  and  smells 
muriatic    acid.  ■  Us  apecific  gravity    was  found  by  calculat 
to  he  ■l.43>S;    eonipareil  with  bvilroiren  its  specific   gravit " 
62,5  to  I  ;  ion  cubic  inches  wei-liing  1:^3,6  prs.     H.  I.  r" 

Dr  Thomson  makes  The  specific  gravity  4.3'I037  air  = 
the  weight  of  100  cubic  inches  133.3TS5. 

3U3.    Ilydrlodicacid  gafl  is  rapidly  iibsnrbed  by  water,  the  » 
tion  is  fuming  and  baslhertensit)  of  1,7.     The  solution  en 
to  a  lerapernuire  below  260°  becomes  concern  rated  by  I 
water  ;  at  about  260°  it  boils,  and  may  be  distilled.     It  be 
dark  coloured  when  kept,  in   consetjuence  of  a  partial  d 
position,  and  it  readily  liissolveii  iodine,  becoming  of  a  <j 
brown  colour. 
,,1  394.  The  liquid  hydriodic  ncid   is  best  prepared  by  pass 

'*■       sulphuretted  hydrogen  through  a  mixture  of  iodine  ai 

the  hydrogen  unites  with  the  iodine,  and  the  sulphur  is  pre^ 
itated,  and  on  heating  and  filtering  the  liquor,  a  pure  s 
of  hydriodic  acid  is  obiaincd,   which  may  be  concenir 
evaporation.     Tilt  il  attains  the  temperature  of  257°  water  a 
distils  ;  above  this  point,  the  acid  itself  is  volatilized  a 
mains  stationary  at  362}°,  its  density  being  then   1,7. 
solutions  of  lead  it  gives  a  fine  orange  precipitate,  with  soluj 
of  peroxide  of  mercury,  a  red  one  ;  and  with  silver,  a  while  g 
cipitale  insoluble  in  ammonia. 

305.  It  is  decomposed  by  Voltaic  electricity,  iodine  app4 
ing  at  the  iiositive.  and  hjdrogen  at  the  negative  pole. 

396.  It  is  decomposed  by  those  oxides  which  hold  I 
oxygen  loosely,  and  combines  with  the  rest,  forming  r 
units  cjlled  hydriodntei.  H.  I.  279. 
iiiion.  397.  That  Hydriodic  acid  gas  consists  of  equal  volume! 
hydrogen  and  vapour  of  iodine  is  shown  by  the  acliofi  of  n 
cury,  which  by  absorbing  the  iodine,  evolves  half  a  volum 
hydrogen  from  one  of  the  gas. 

Il  is  inslanlly  decomposed  by  chlorine,  which  produces  I 
rialic  acid  and  the  blue  vapour  of  iodine  is  rendered  evi 
These  gases  often  take  fire  on  mixture. 
r^  398.  Il  is  composed  by  weight,  according  to  Gay-Lussac,  of 
'  100  iodine  BndJ),819  hydrogen;  but  correcting  the  specific 
gravity  of  hydrogen  gas  to  0,0694  ils  true  composition  will  be, 
by  weight 

Hydrogen 1 

Iodine 125 

Weight  of  its  atom     ...      126.     I 
Oxygen  being  =  \  the  atomic  weight  would  be  15,625.    T.l 
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Section  II.     Nitrogen, 


399.  This  was  first  recon^nised  as  a  distinct  aeriform  fluid  by 

Dr  Rulherford.  in  1772.     (Thesis.  De  Aere  Mcphltico.)     It  may  ^^^^ *>»'**^' 
be  obtained  by  heatin^;  phosphorus  in  a  conhned  portion  of  dry 
atmospheric  air,  which  consists  of  nitro<^en  and  oxygen  ;  the 
phosphorus  absorbs  the  latter,  and  the  former  p:ns  remains.     Af- 
ter repeated  washing;  it  may  be  co.'isidt'red  as  pure. 

400.  It  may  also  be  obtained  by  invt^rtin!^  ajar  full  of  common 
air  over  a  mixture  of  equal  wei^^his  of  iron  filinuis  and  sulphur 
made  into  a  paste  with  water.  13ut  this  process  requires  much 
time. 

A  quicker  process,  for  procurinor  nitroscen  jajas,  consists  in  ^. 
filling  a  bottle,  about  one  4lh,  with   thi*  sol'ition  of  nitrous  gas  cef.ei. 
ID  liquid  sulphate  of  iron,  or  with  liquid  sulphurei  of  lime,  and 
Imitating  it  with  the  air,  which  fdlsthe  ro^t  of  the  bottle.     Dur- 
injf  the  agitation,  the  thumb  must  he  firmly  placed  over  the 
mouth  of  the  bottle  ;  and,  when  removed,  the  mouth  of  the 
bottle  must  be  immcrserl   in  a  cup  full  of  the  same  solution,       • 
which  will  supplv  tlie  place  of  the  absorbed  air.     The  agita- 
tion,  and  admission  of  fluid  must   be  renewed,  alternately,  as 
Ions:  as  any  absorption  takes  place. 

Nitrogen  may  he  procured  from  the  lean  part  of  flesh  meat, 
(beef  for  example),  which  may  be  put  into  a  gas  bottle,  along 
with  very  dilute  nitric  acid.  By  a  heat  of  about  100°,  the  gas 
is  disengriged,  and  may  be  coliecttd  o\t:r  water.  Its  source  has 
been  satisfactorily  traced  to  the  animal  substance,  no  part  of  it 
proceeding  from  tfje  nitric  arid. 

401.  Tnis  lias  is  fatal  to  animal  life  and  wa*^,  on  this  account,  ,^  .     . 
nimed  by  L^ivoisier  tizole  or  Jlzalic  f^ns^   derived   from   the  cfu.^u. 
(■reek  privative  x  and  'Cur.^  /'[/''•      This  heiiig  but  a  negative  pro- 
perly, has  been  deemed  an   improper  foundation  for  its  nomen- 
clature ;  and   the   term    niirogen   has   hcen   substituted,   because 

one  of  the   tn(jst   ini(;ortant    properlies  of   its   hasc   is,   that  by 
union  with  oxygen  it  conij)oses  nil  lie  acid.      II.  1.  i^sl. 

402.  Xilrogen   is   tiot  itjflammahle  ;  and   a  liL'Jited  (apcr  im-  j.^ 
mersed  in  it   is  exlini;nished.      Kven   phospiiorus    in   a  stale  of 
active   inflammalion    is  instantly    e\lln;j,ui>lied   by    it.      Tiiis   is  Kxp. 
best  shown    hy   j)laci!ig  the   hnri-ing    phosj»lu)r;is   in  ,\   tin   cup 
raised  by  a  stani,  [vr,.  3f>,  over  the  surface  of  the  water,  and  n.  2. 
quickly  inverting  owr  it  ajar  tilled  with  nilro;;en  ;^as. 

403.  When  mixed  wiih   pin-e  oxygen   ga^,  in  the   j^toportion 
of  four  parts  to  one  of  ihe  lailcM',  it  composes  a  niixUne  resem- 
bling  atm()Sf)heric   air  in    all    its    properlies.      ()l   ll.is   any   oiic  ixp. 
may  be  satisfied,  by   mixing  four   parts  of  azolic  gas   wiih   o:.e 

of  oxygen  gas,  and  immersing    in  the  mixture,  a  liu,liled  taper. 
The  taper  will  burn  as  in  alnios[)herical   air.     11. 

404.  It  is  not  absorbed  by  water.  It  is  a  litile  liglitnr  than 
atmospheric  air,  100  cubic  inciies  being  found  by  Sir  11.  Davy 
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to  weigh   30,04  grains,  under  a  pressure  of  30   inches,  and  at 
the  lemperalure  of  55"  Fahrenlieit.     At  pO"   Fahrenheit,  100 
inches  weigh,  therefore,  29,73  grains.     Apcortling  to  Ur  Thom- 
son its  specific  gravity  is  0,97^2  air  =  ll;  0,875  oxygen  =  1  ;     - 
and  100  cubic  iiieh.es  weigh  29,6527  grains.'' 

405.  That  nilrogen  is  not  an  element,  but  Itself  a  compound, 
has  been  long  suspected,  and  various  attempts  have  been  made 
lo  discover  lis  ingredients.     Berzelius  from  the  combination  of 
experiment  with  mueh  theoretical  reasoning,  has  deduced,  that 
nitrogen  is  compounded  of  oxygen  and  an  unknown   base,  (3      ' 
«?««.  Phi/os.  284.)     This  base,  however,  is  purely  hypotheti-    | 
cal ;  and  has  never  yet  been  exhibited  in  a  separate  slate.     Ber^    I 
zelius  has  proposed  for  it  the  name  of  nitricum.  I 

40e.  When  the  compounds  of  nitrogen  are  submitted  to  Vol-     I 
taic  decomposition,  it  is  auracted  by  the  negative  pole.  | 

.       407.  Nilrogen    and  oxygen. — When    nitrogen  atid   oxygen 
I   gases  are  mingled  together,  in  whatsoever  proportions  they  are     { 
employed,  no  combmation  ensues.     The  result  is  a.  simple  miK-      I 
ture  of  the  two  gases,  which  do  not,  like  inelastic  fluids,  sepa-    1 
rate  on  standing,  but  remain  diO'uscd  through  each  other  for  an     1 
indefinite  length  of  time.     When,  however,  either  one  or  both     { 
of  these  elements  is  in  a  condensed  state,  or  deprived  of  part  of     ' 
that  caloric  which  beeps  the  gravitating  panicles  of  alt  gases  at     ■ 
a  distance  from  each  other,  they  unite  and  form  compounds, 
distinguished  by  very  striking  properties.     According  to  ths 
proportions  In  which  the  oxygen  and  nilrogen  exist  in  ihesc     1 
compounds,  their  qualities  undergo  a  remarkable  variation  ;  ao 
that  from  two  elementary  bodies,  variously  united,  we  have 
several  compounds,  totally  unlike  each  other  in  external  quali- 
ties, as  well  as  in  their  chemical  relations. 

403.  Ill  a  series  of  the  compounds  of  nitrogen,  founded  on 
their  proportion  of  oxygen,  they  occupy  (excluding  atmospheri- 
cal air  from  the  number)  the  following  order,  the  last  coniaJning 
the  largest  proportion  of  oxygen  ;  nitrous  oxide — nitric  oxide  Of 
nitrous  gas — hypo-nitrous  acid — nitrous  acid  or  nitrous  vapour 
— and  nitric  acid.  The  two  first  are  sparingly  soluble  in  w«- 
ter  ;  but  the  three  last  unite  with  it  largely,  and  form  liquid 
compounds  of  decidedly  acid  taste  and  quality.     H.  1.  297. 

409.  Protoxide  of  Nilrogen,  or  nitrous  oxide,  may  be  ob- 
tained by  several  processes.  By  dissolving  zinc,  or  tin,  in 
nitric  acid,  diluted  with  five  or  six  times  its  weight  of  water. 
Zinc,  during  this  solution  disengages  nitrous  oxide  till  the  acid 
begins  to  exhibit  a  broivnisb  colour,  when  the  process  must  be 
suspended,  as  nitrous  gas  is  then  formed.  But  the  gas  thus 
obtained  is  impure. 

410.  To  procure  it  in  a  stale  of  purity,  a  salt,  to  be  hereafter 
described,  called  nitrate  of  ammonia,  is  healed  in  a  retort  over 
an  Argand  lamp.  The  heat  should  not  be  raised  beyond  440" 
F.  The  salt  will  presently  liquefy,  and  must  be  kept  gently 
simmering,  avoiding  violent  ebullition.     The  gas  may  be  col- 
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leeted  over  water,  and  allowed  to  stand  a  few  hours  before  it 
is  used,  during  which  lime  it  will  deposit  a  white  substance, 
and  become  perfectly  transparent. 

411.  A  gazometer,  however,  is  best  adapted  for  its  reception,  Afacometer 
because  all  danger  is  then  avoided  of  the  water  of  the  troua:h  ^••'  •<'*['t«^«* 
oeiDg  forced  into  the  retort ;  and  because  the  gas  is  brought  tion. 

into  contact  with  a  much  smaller  surface  of  water,  which  has 
the  property  of  absorbing  a  considerable  proportion  of  the  gas. 
On  this  account,  water  which  has  been  once  used  to  confine  the 
gaSy  may  be  kept  for  the  same  purpose. 

412.  The  chansces  that  take  place  durinsc  the  conversion  of  T^^^rr  of 
nitrate  of  ammonia  into  nitrous  oxitie,  are  the  following.     On- 
iric acid  is  composed  of  oxygen  and  nitrous  gas,  ammonia  of 
hydrogen  and  nitrogen.     In  a  high  temperature,  the  nitrous  gas 
combines  with  an  additional  dose  of  nitrogen,  and  forms  nitrous 

oxide  ;  while  the  oxygen  of  the  decomposed  nitric  acid  unites 
with  the  hydrogen  of  the  ammonia,  and  forms  water. 

413.  The  gas  thus  obtained,  was  termed,  by  its  discoverer,  syooDymi. 
Dr  Pricslley,  dephlo^isticated  nitrous   air ;  by  the  Dutch  **** 
chemists  gaseous  oxid^  6i  azote,     its  most  appropriate  title  is 
protoxide  qf  nitrogen,* 

414.  In  order  to  ascertain  whether  nitrous  oxide  be  adulter-  Method  of 
ated  with  either  common  air  or  oxygen  gas,  we  may  mix  equal  "•cn.uniin 
measures  of  the  gas  under  examination,  and  of  nitrous  gas.     If  '^'^""^' 
any  diminution  ensue,  the  presence  of  one  of  these  may  be  sus- 
pected; and  the  amount  of  the  diminution  will  show  which  of 

them  is  contained  in  it.  Nitrous  gas,  however,  is  a  much  more 
common  contamination  ;  for  it  is  generated,  along  with  nitrous 
oxide  whenever  the  temperature  of  the  salt  is  raised  too  liiuih. 
Its  presence  may  be  detected,  either  by  red  fumes  and  a  dinnnu- 
lion  on  the  admixture  of  oxygen  gas  ;  or  by  an  abs(»rption  being 
effected,  on  agitating  the  gas  with  a  solution  of  green  sulphate 
of  iron,  which  has  no  action  on  pure  ni'rous  oxide.     H.  1.  302.. 

415.  It  is  considerably   heavier  than   common  air.     Sir  J  I.  ^^p-cifio 
Davy  has  stated  100  cubic  inches  (at  30  inches  pressure  and  at  ^^^'''^' 
60**   F.)  to  weigh  between  48  and  49  grains  ;  antl   hence   its 
specific  gravity  should  be  very  nearly    1,G.     According:  to  Dr 
Thomson,   100  cubic  inches  weigh  46,5972  grs,  and  its  specific 
gravity,  air  =  1,  is  1,5277  ;  oxygen  =  1,  1,375. 

The  taste  of  this  gas   is  sweet,   and  its  smell  peculiar,  but  Piopertici 
agreeable. 

It  is  easily  absorlied  by  water,  which  takes  up  about  its  own 
bulk,  and  evolves  it  unchans:cd  when  heated. 

Its  singular  effects,  resembling  intoxication,  when  respired, 
were  first  ascertained  by  Sir  H.  Davy.  (Researches  Chemical 
and  Philosophical^  chiefly  concerning  Nitrous  Oxide.  Lon- 
don, 1800.)  The  experiment  of  breathing  this  sras,  however, 
cannot  be  made  with  impunity,  especially  by  those  who  are 
liable  to  a  determination  of  blood  to  the  head. 

•  Kor  afjii  arrountof  this  «■»«,  %*••  Sir  H.  Daw's  Ke5»*arche9,  Lond.  ir.r.i. 
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416.  Nitrous  oxide  supporls  combustion,  and  a  taper  in  tra- 
duced into  it  has  its  flame  mucli  augmented  and  surrounded  by 
a  purplish  halo.     Phosphorus  and  sulphur,  when  introducetl  in 
a  Btale  of  7ivid  ignition  into  this  gas,  are   capable  of  decompos- 
ing it,  and  burn  with  the  same  appearance  nearly  as  in  oxygeaj 
but,  if  when  put  intu  the  gas,  they  are  merely  burning  dimly, 
they  then  do  not  decompose  it  and  are  extinguished,  so  that 
they  may  be  melted  in  the  gas,  or  even  touched  with  a  red  hpt     _ 
wire   without  inflaming,  (but  when    wire   intensely   heated,  or 
made   ^vhite  hel,  is   applied,  the  pbos]ihorus  burns,  or  rather    ^ 
detonates,  with  prodigious  violence.  H.)     Charcoal,  and  many   t 
of  the  metals,  also  decompose  nitrous  oxide    at   high  tcmpen-    L 
tures.  If 

417.  At  a  red  heat  this  gas  is  decomposed  and  converted  into 
nitrogen  and  nitric  oxide,  undergoing  at  the  same  time  an  in- 
crease of  bulk.  For  experiments  of  this  Itind  the  following 
simple  apparatus  may  be  used  ;  It  consists  of  two  bladders,  fig. 
99,  one  of  which  is  filled  with  the  gas,  and  the  other  empty, 
attached  to  the  extremities  of  a  porcelain  tube  which  traverset 
the  body  of  a  furnace.  The  bladders  are  supplied  with  stop- 
cocks, and  the  gas  is  squeezed  from  one  to  the  other  when  Uia 
tube  is  red  hot. 

418.  The  best  analysis  of  this  gas  is  eflecled  by  delonatioa 
with    hydrogen  ;  one   volume    of  nitrous   oxide  requires   out 

'  volume  of  hydrogen.  This  mixture  fired  by  the  eleciric  spark, 
produces  water,  and  one  volume  of  nitrogen  remains.  Now, 
as  one  volume  of  hvdrogen  takes  half  a  volume  of  oxygen  to 
form  water,  nitrous  oxide  must  consist  of  two  volumes  of  nitro- 
gen and  one  volume  of  oxygen  ;  these  three  volumes  being  so 
condensed  in  consequence  of  chemical  union,  as  only  to  fill  the 
space  of  two  volumes.  The  speciac  gravity  of  nitrogen  com- 
pared with  oxygen,  is  as  14  to  lt>  ;  nitrous  oxide,  therefore, 
consists  of  14  Nitrogen 

s  Oxygeo 
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419.  Nitric  oxide,  deutoxide  of  nitrogen,  or  nitrous  gas. — 
This  gas.  though  discovered  by  Dr  Hales,  was  first  examined  by 
Dr  Priestley,  and  called  by  him  nitrous  air,  a  term  afterwards 
changed  to  nitrous  gas,  then  to  nitric  oxide,  and  more  Utcly  J 
to  deutoxide  of  azote,  or  deutoxide  ({f  nitrogen,  which  last  *~ 


■warns     I' 
UttlyJ 
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pears  to  be  its  most  appropriate  title.     It  is  more  generally 
known,  however^  under  the  name  of  nitrous  gas.     H. 

420.  It  is  usually  obtained  by  presenting  certain  substances  to  Howobuin- 
nitric  acid,  which  abstract  a  portion  of  its  oxygen,  leaving  the 
remainiag  elements  in  such  proportions  as  to  constitute  the  gas 
in  question ;  for  this  purpose  some  copper  filings  may  be  put 
into  a  gas  bottle,  fig.  65,  with  nitric  acid,  diluted  with  thrice 
its  bulk  of  water;  an  action  ensues,  red  fumes  are  produced, 
and  there  is  a  copious  evolution  of  the  gas,  which  may  be  col- 
lected and  preserved  over  water.  The  first  portions  should  be 
rejected  as  containing  nitrogen  and  nitrous  acid  gas.  Nitric 
Qside  is  presently  recognized  by  the  red  fumes  which  it  pro- 
duces when  brought  into  the  contact  of  air.     During  this  pro-  J^J^*''^* 

eess  part  of  the  nitric  acid  gives  oxygen  to  the  copper ;  and 

passes  to  the  state  of  nitrous  gas,  and  the  remaining  acid  unites 

with  the  deutoxide  of  copper,  and  composes  the  deutonitrate 

of  that  metal. 
481.  Quicksilver  may   be  substituted  for  the  copper ;  but 

in  the  latter  case  it  will  be  found  necessary  to  apply  beat  to  the 

Baterials.    H.  1.  306. 
488«  When  mixed  with  oxygen  gas  red  fumes  arise,  heat  is 

evolved,  a  diminution  takes  place,  and  if  the  two  gases  be  in  os^^n.^ 

? roper  proportion,  and  perfectly  pure,  they  disappear  entirely, 
he  product  of  this  union  is  possessed  of  acid  properties,  which 
m^  be  shown  by  the  following  experiment. 

Pkste  a  slip  of  litmus-paper  within  a  glass  jar,  near  the  bot- 
tom ;  and  into  the  jar,  filled  with  and  inverted  in  water,  admit  Esp. 
u  much  nitrous  gas,  previously  well  washed,  as  will  displace 
'  the  water  below  the  level  of  the  paper.  The  colour  of  the 
litmus  will  remain  unchanged  ;  but  on  adding  oxygen  gas  it  will 
be  immediately  reddened.     H.  311. 

483.  Nitrous  gas  is  rather  heavier  than  common  air ;  100  specific 
eubic  inches  at  60^  F.  barometer  30,  weigh  32  grains,  and  its  ^'"^'"^^' 
specific  gravity  is  1,050  {Davy.)     According  to  Dr  Thomson 

100  cubic  inches  weigh  31,7708  grains  and  its  specific  gravity 
it  1,04166,  air  s=  1,  or  0,9375  oxygen  =i  1.  Its  specific  gravity 
to  hydrogen  is  as  15  to  1. 

484.  When  it  has  been  washed  with  water  it  is  not  acid,  as  propertiei. 
proved  by  the  colour  of  litmus  remaining  unchanged  Jby  it.  (488.) 

485.  It  extinguishes  most  burning  bodies ;  but  phosphorus 
readily  burns  in  it  if  introduced  in  intense  ignition.  Mingled 
i^ith  hydrogen  gas  it  imparts  a  green  colour  to  its  flame. 

426.  It  is  not  altered  by  a  red  heat,  nor  does  it  detonate  when  DecompMi- 
mixed  with  hydrogen  and  subjected  to  the  electric  spark ;  but  ^"^^ 
it  may  be  decomposed  by  the  action  of  some  of  the  metals  at 
high  temperatures,  which  absorb  its  oxygen.  One  volume  of 
nitric  oxide  is  thus  resolved  into  equal  volumes  of  oxygen  and 
nitrogen.  If  therefore  we  call  nitrous  oxide  a  compound  of  I 
proportional,  or  atom,  of  nitrogen  -|-  1  of  oxygen,  then  nitric 
oxide  may  be  considered  as  consisting  of  1  nitfogen  -f  8  oxygen, 
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or  by  weight,  14  nitrogen  +  16  osygcn,  and  its  symbol   will 
stand  thus : 


Nllrogrn 

o.„.. 

NhricOtiJ. 

" 

427.  Nitrous  gas  is  decomposed  by  exposure  to  almost  all 
bodies  that  attract  oxygen.  Thus  iron  Biings  decompose  it, 
and  become  oxidized,  affording  a  proof  of  the  presence  ^  J 
oxygen  in  this  gas.  During  this  process,  water,  ammonia,  ;  "^ 
nitrous  oxide,  in  the  pioporlion  of  one  volume  from  two  ■. 
nitrous  gas,  are  generated.  Sulphuret  of  potash,  &c.  hare  a 
similar  effect.     Sulphuret  of  barytes  gives  one  half  its  volume 

fs  of  nitrogen.  Mixed  with  sulphurous  acid,  nitrous  gas  is  decom- 
'  posed,  and  this  acid  is  changed  into  the  sulphuric,  but  not  un- 
less water  is  present.*  Nitrous  gas,  does  not,  with  h >  drO)(ea 
gas,  afford  a  mixture  that  can  be  exploded  by  the  electric  spark; 
but,  with  ammoniacal  gas,  it  may  be  fired  in  a  Volta's  eudio* 
meter  over  mercury.  The  oxygen  of  the  nitrous  gas  unites 
with  the  hydrogen  of  the  ammonia,  and  the  nitrogen  of  both 
/     gases  is  set  at  liberty.     H    1.  311. 

^  A  piece  of  glowing  chaicoal  plunged  into  nitric  oxide  ^as  ii 
presently  extinguished,  but  if  it  be  passed  through  a  porcelstB 
tube  containing  red  hot  charcoal,  nitrogen  and  carbonic  acidud 
oxide  are  produced.     B. 

428.  Nitric  Oxide  and  Chlorine,  when  both  are  perfectly 
dry,  exert  no  mutual  action,  but   ihe    presence  of  water  causes 

u'l*'"  """  an  immediate  change  ;  it  is  decomposed,  and,  furnishing  oxygen 
to  the  nitric  oxide,  and  hydrogen  to  the  •'■hlorine,  nitrous  acid 
and  muriatic  acid  gases  are  generated.  It  was  the  presence  of 
water  which  misled  those,  who  thought  that  the  red  fumes  pro- 
duced by  mixing  nitric  oxide  and  chlorine  not  carefully  dried) 
resulted  from  the  existence  of  oxygen  in  chlorine. 

429.  Gay-Lussac  has  concluded  from  his  experiments  that 
there  exists  a  compound  of  nitrogen  and  oxygen  intermediate 
between  nitric  oxide  and  nitrous  acid,  which  he  has  termed  per- 
nitrous  acid,  but  to  which  the  term  hypo-nitrous  acid  is  more 
applicable.  He  considers  it  as  a  compound  of  I  proportional  of 
nitrogen,  and  3  of  oxygen. 

'  When  400  measures  of  nitrous  gas,  and  100  measures  of 
■liiwiTt  oxygen  (in  which,  taken  together,  the  nitrogen  and  oxygen  are 
°  '"'  ■  to  each  other  by  measure  as  100  to  150)  are  mixed  together 
over  a  solution  of  potash  confined  by  mercury,  we  obtain  100 
measures  of  this  compound, t  which  however,  is  so  far  hy- 
pothetical that  it  has  never  yet  been  exhibited  in  a  separate 
form,  for  when  a  strnnger  acid  is  added,  to  expel  it  from  the 
potash,  it  is  resolved  into  nitrous  gas  and  nitrous  acid. 

•  NicbolMU'i  JiHir.  nil.  13.  \Ai^.itChmust\njt.l.Wl. 
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Cljhiihting  ftran  the  proportioiis  of  its  dementt,  and  their 
ttf  condeiiiitiOBy  100  cubic  inchet  of  hypo-Aitrous  acid  must 
80^  gnioiy  and  it  miut  contiit  in  100  graini  of 


Nitragen 
Qiygen. 


1  . 


1 

3 


36,8  .  100 
63^1  .  171,74 


•V. 


S,5  100,  H.  1.  314j^ 

.48ft»  NUroM  Jtdd  ChMM. — When  nitric  oziAe  ia  preaented  mutMiMii 
t^ffMfgfSBp  the  two  gaaea  combine,  and  a  new  gaaeoua  compound  '**'' 
orange  cohMir  i^eaulta.    Thia  compound  ia  not  eaailf 
beeauae  it  ia  abwirbed  both  by  quickailTcr  and  water, 
are  oblif^  to  reaort  to  exhauated  glasa  Tcaaek .  for 
iU  OTodnetioii.    When  we  thua  mix  two  Tolumea  of  nitrie 
with  one  vidume  of  oxygen,  the  gaaea  become  condenaed 
to  aboot  half  their  original  ▼  Aume,  and  form  nitrous  acid  gas. 

481.  Thii  gaa  aopporta  the  combustion  of  the  taper,  of  fAoa-  FfopaniM. 
phegiiBj  and  of  charcoal,  but  extinguiahea  aohhor.    It  ia  readily 
abeihed  h^  water,  forming  a  green  aour  liquid.    Ita  apecifie 
gnHAyr  to  hydrogen  ia  aa  S3  to  1,  and  100  cubic  inchea  wei 
4JB^gniiia. 

It  ia  obfioua  that  thia  nitrooa  acid  gaa  must  conaiat  of  14 
niUMgim  +  SB  oxygen,  and  therefore,  ita  number  ia  46 ;  for 
nitrie  epide  ia  eompoeed  of  equal  Tolumea  of  nitrogen  and  oxy- 
OBy  and  one  additional  volume  of  oxygen,  or  two  proportionda   , 
by  we%ht,  are  added  to  form  nitrous  acid.  — ' 


Nitrofea 
14 

Oxyfen 
8 

t 

t 

8 

438.  If  the  mixture  of  nitric  oxide  and  oxygen  be  made  over 
water,  in  the  above  proportionsy  and  if  the  gases  be  perfectly  ^^J^^'^^^^r 
pore,  complete  absorption  takes  place ;  but  if  either  the  oxygen 
or  nitric  oxide  contain  uncombined  nitrogen  it  will  remain  un- 
abaorbed. 

433.  To  form  liquid  nitrous  acid,  nothing  more  is  necessary 
than  to  saturate  water  with  this  vapour.     The  water  becomes  j^^^^^^  „;. 
first  green,  then  blue,  and  finally  an  orange  colour,  more  or  less  trousacid. 
deep.     The  latter  may  be  brought  to  the  state  of  green  or  blue 
by  adding  more  or  less  water.     Hence  the  colour  depends 
merely  on  the  circumstance  of  density.    H.  1.  315. 
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4.94.  The  properties  of  liquid  nitrous   acid,   Berzelius   re- 
__  .,  ,      marks,*  difier  from  those  of  nitric   acid;  for  while  the  laller 
*«'^u'r&i(  ''°''*  "^  236",  nitrous  acid  of  the  same  density  boils  at  160'. 
The  purely  acid  part,  he  considers  to  be  composed  of  36,9 
^Spitrogen  +  03,1  oxygen.     With  bases,  it  forms  a  class  of  salts, 
which,   he  asserts,  differ  entirely  from  those  containing  nitric 
acid.     On  the  cither  hand,   we  have  the  testimony  of  Gay-Lus- 
sac,  that   the  nitrous  acid  is  decomposed  with  so  much  facility 
by  contact  with  alkaline  solmions,  as  lo  be  incapable  of  form- 
ing a  distinct  class  of  salts.     With  nolulion  of  potash,  for  exam- 
ple, he  found    that  it  affords  pernitrlte  and  nitrate,  but  nothing 
that  can  properly  be  called  a  nitrite  of  potash. t 
\_     435.  Nitric    l^cid. — The    fifth   compound    of  nitrojjen  with 
'''"'"'^^OKVgen  is  the  nitric  acid  ;  the  nature  of  which  was  first  demon- 
strated   by    Mr   Cavendish,    in    1785.     {PAH.    TVam.)     It  is 
usually  obtained  by  the  distillation  of  purified    nitre   with    sul- 
phuric  acid,  of  which  materials  different  proportions  are  em- 
ployed 

Into  a  glass  retort,  which  may  be  either  tubulated  or  not, 
'  piit  four  p:irts  by  weight  of  nitrate  of  poiash,  reduce-l  lo  a  coirsft 
powder,  and  pour  upon  it  three  parts  of  concentrated  sulphuric 
acid.  Apply  a  tubulated  receiver  of  lar^^e  capacity,  between 
which,  and  the  retort,  an  adopter  may  be  interposed  ;  these 
junctures  being  luted  with  a  mixture  of  pipe-clay,  sifled  sand, 
and  cut  tow  or  flax.  To  the  tubuture  of  the  receiver,  a  ^laas 
tube  may  be  fixed  by  means  of  the  fat  lute, J  and  may  termi- 
nate in  another  large  receiver,  containing  a  small  quantity  of 
water. 

If  the  operator  wishes  to  collect  the  gaseous  products  also, 
this  second  receiver  should  be  provided  with  a  tubulure,  to 
which  a  bent  pipe  may  he  lulcd,  terminating  under  one  of 
the  inverted  funnels  in  the  shelf  of  the  pneumatic  trough.  Ap- 
ply heat  to  the  retort,  through  the  inlervenlion  of  a  sand-bath. 
The  first  product,  that  passes  into  the  receiver,  is  generally  of 
a  red  colour,  and  of  a  smoking  quality.  These  appearances 
gradually  diminish ;  and  if  the  materials  used  were  clean,  the 
acid  will  come  over  pale,  and  even  colourless.  Afterwards  it 
gradually  rc-assumes  a  red  colour,  and  smoking  properly ; 
which  appearances  go  on  increasing  till  the  end  of  the  opera- 
tion ;  and  the  whole  product,  mingled  together,  has  either  a 
yellow  or  an  orange  colour,  according  to  the  temperature  em* 
ployed.     II.  1.  318. 

436.  The  nitric  acid  of  commerce,  which  is  generally  red  and 
fuming  in  consequence  of  the  presence  of  nitric  oxide,  is  procur- 
ed by  the  dislillation  of  two  parts  of  nitre  with  one  of  sulphuric 
acid;  these  proportions  afford  about  one  part  of  orange-coloured 
nitric  acid  of  the  specific  gravity  of  1,48.     Upon   the  large 
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water. 
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wait  112  lbs  of  nitre,  and  56  of  sulphuric  acid  yield  from  50 
to  52  lbs  of  nitric  acid.  Some  manufacturers  employ  three 
ptrts  of  Ditre  and  two  of  sulphuric  acid,  and  the  London  Phar- 
macopeia directs  equal  weights,  by  which  a  nearly  colourless 
nitric  acid  is  afforded. 

It  will  appear  by  referring  to  the  article  Sulphuric  •icidy  ^^  ^.^^^ 
that  it  contains  In  its  liquid  state  one  proportional  of  dry  acid,  of«.ia  and 
and  one  of  water ;  whereas  liquid  nitric  acid  contains  one  pro- 
portional of  dry  acid,  and  two  of  water ;  hence  the  requisite 
excess  of  sulphuric  acid,  where  colourless  and  perfect  nitric 
tcid  is  to  be  obtained  ;  hence  too  the  red  colour  of  the  acid  of 
commerce  in  consequence  of  the  smaller  quantity  of  sulphuric 
leid  generally*  used  by  the  manufacturer.  This  will  be  more 
apparent    by   reference    to    the   article    Bi-sulphate  of   Po- 

The  distillation  of  nitric  acid  may  be  conducted  upon  the 
small  scale  in  a  tubulated  glass  retort  a,  with  a  tubulated  re- 
ceiver bf  passing  into  the  bottle  c,  fig.  100.  The  requisite  heat 
is  obtained  by  the  lamp  dy  and  the  whole  apparatus  supported 
by  the  brass  stands  wiih  sliding  rings  e  e. 

Bot  the  manufacturer  who  prepares  nitric  acid  upon  a  large  prep.„tioB 
scale,   isenerally   employs  distillatory    vessels   of  stone-ware,  ofnitroui 
Fig:  101  represents  the  arran<rement  of  the  distillatory  appa-  forUt. 
rataSy  employed  at  Apothecaries'  Hall,  London,  for  the  pro- 
ductioo  of  common    aquafortis :  it  consists  of  an    iron   pot, 
aet   in  brick-work,  over   a    fire-place;    an    earthenware  head 
is  luted  upon  it,  communicating  with  two  receivers  of  the  same 
material,   furnished    with   earthenware  stop-cocks,  the  last  of 
which  has  a  tube  of  safety  dipping  into  a  basin  of  water. 

437.  The  nitric  acid  of  commerce,  as  obtained  by  the  above 
processes,   is  always  impure,  and  muriatic  and  sulphuric  acids  of'uitdcHdd. 
may  usually  be  detected  in  it.     The  former  may  be  separated 

by  nitrate  of  silvery  and  the  latter  by  a  very  dilute  solution 
of  nitrate  of  baryta.  To  obtain /?wre  nitric^acidy  therefore, 
add  to  that  of  commerce  a  solution  of  nitrate  of  silver,  as  long  as 
it  produces  any  white  precipitate;  and  when  this  has  subsided, 
pour  off  the  clear  liquor,  and  add,  in  the  same  way,  the  nitrate 
of  baryta ;  then  distil  the  acid,  and  it  will  pass  over  perfectly 
pure.  For  pharmaceutical  purposes,  the  ordinary  acid  is  gene- 
rally sufficiently  pure.  If,  however,  pure  nitre,  and  pure  sul- 
phuric acid  be  employed  in  its  production,  and  the  latter  not  in 
excess,  there  is  little  apprehension  of  impurity  in  the  resulting 
acid. 

438.  Nitric  acid  in  its  dry  state,  that  is.  as  it  exists  combined  ( omin'it.on. 
with  metallic  oxides  in  the  salts  called  nitraleSy  may  be  regard- 
ed as  composed  of  one  proportional  of  nitrogen  =  14,  and  5  of 

•If  it  b«  required  to  drcompow  tho  whoir  of  any  portion  of  nitre,  it  is  nere»«irjr  to  im-!  rs  i:.'j -h 
•alpburic  acid*  aJ  will  form,  with  thr  alkrli  of  th<!  nitre,  hi-ru'phate  of  potwsh,  viz.  9^  {xiiis  of  ;  •-••1,  n\ 
<i«eiit7  l,8Sto  100  parts  of  nitre.     II.  1.319. 
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oxygen  =  40,  and  this  will  be  the  symbol  representing  its  com- 
poeitioD, 


I 


Consequently,  the  representative  number  of  dry  nitric  acid 
is  S4,0.  But  in  its  liquid  state  it  always  contains  water;  and 
when  in  this  state  its  specific  gravity  is  1,5,  it  may  be  regard- 
ed as  a  compound  of  one  proportional  of  dry  acid  and  Iwo  of 
water,  which  may  be  numerically  expressed  thus: 

54.+  18  =  72,  liquid  acid. 
i)e<  uf      439.  Liquid  nitric  acid  is  heavier  than  water,  in  ibe  propor- 
■"""  tion  of  1,5    or    upwards   to    1.     Proust  obtained  it  as  hish  as 
1,63  ;  and  the  specific  gravity  of  real  nitric  acid,  which    can- 
not, however,  be  obtained  separately,  may  be  calculated  at  1,75. 
In  its  heaviest  form,  it  still  contains  a  portion  of  water,  which 
is  essential  to  its  existence  in  a  liquid  state,  and  wiihonl  which 
its   elements    would   separate  from  each  other.     In  acid  of  the 
sp.  sf-  I'SO  the  water  amounts,  calculating  from  the  data  furnish- 
ed by  Dr  Wollaston,  to  25,11  grains  in  100  grains  of  acid  ;  or, 
\   according  to  Mr  R.  Phillips,  to  25,09.     According  to  Sir  H. 
'  ~  Davy,  the  strongest  acid  (sp.  gr.   1,55}  contains  14,4   parts  of 
water  in  100  ;  and  acid  of  sp.  gr.  1,42  contaios  25,2  of  water 
in  100.     {Elements,  p.  265.) 

440.  Nitric  acid  Is  usually  coloured  by  nitrous  acid  gas,  to 
espel  which,  put  the  acid  into  a  retort  to  which  a  receiver  is 
applied,  the  two  vessels  not  being  luted,  but  joined  merely  by 
paper.  Apply  a  very  gentle  heat  for  several  hours  to  the 
retort,  changing  the  receiver  as  soon  as  it  becomes  filled  willi 
red  vapours.  The  nitrous  gas  will  thus  be  expelled,  and  the 
nilrie  acid  will  remain  in  the  retort  limpid  and  colourless.  It 
must  be  kept  in  a  bottle  secluded  from  light.    II.  320. 

441.  Hidro-nilric  acid  emits  white  fumes  when  exposed  to 
the  air,  and  is  extremely  sour  and  corrosive. 

It  gives  a  yellow  stain  to  the  skin. 

Il  boils  at  348°  Fahrenheit,  and  may  be  distilled  over  with- 
out any  essential  change.  This,  however,  is  true  only  of  acid 
of  the  specific  gravity  1,42;  for  an  acid,  weaker  than  this,  is 
strengthened  by  being  boiled  ;  while  an  acid,  stronger  than 
1,42,  becomes  weaker  by  boiling.     All  the  varieties  of  nitric 
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acid,  therefore,  are  brought  by  sufficient  boiling  to  the  specific 
gnfity  1,42. 

442.  Hydro-nitric  acid  may  be  frozen  by  the  application  of  ^^  ^^  ^^ 
a  sufficiently  low  temperature.     Like  sulphuric  acid,  there  is  a  ztm. 
certain  point  of  density  at.  which  it  most  readily  congeals.     Mr 
Cavendish  has  described  this,  not  by  its  specific  gravity,  but 

by  the  quantity  of  marble  which  it  is  capable  of  dissolving. 
When  it  takes  up  iVirVths  of  its  weight,  in  Vhich  case  its  spe- 
cific gravity  is  1,3,  the  acid  freezes  at  2^  below  0  Fahrenheit. 
When  considerably  stronger  and  capable  of  dissolving  jYvv^hs, 
it  required  cooling  to — 41,6  ;  and  when  so  much  diluted  as 
to  take  up  only  ^%ths,  it  did  not  congeal  till  cooled  to —  . 
40,3.»  I 

443.  Strong  hydro-nitric  acid  absorbs  moisture  from  the  at^Abfotbimoi*. 
mosphere  ;  in  consequence  of  which  it  increases  in  weight,  and  tun. 
difflinishes  in  specific  gravity. 

444.  When  two  parts  of  the  acid  are  suddenly  diluted  with 
one  of  water,  an  elevation  of  temperature  is  produced  to  about 
112^  F.;  and  the  admixture  of  58  parts  by  weight,  of  acid  of 
qiecific  gravity  1,50  with  42  parts  of  water,  both  at  60^  F.^ 

S'ves  a-  temperature  of  140^t.  When  more  water  is  added  to 
lis  diluted  acid,  its  temperature  is  reduced.  Snow  or  ice  add- 
ed to  the  cold  dilute  acid  is  instantly  liquefied,  and  an  intense 
degree  of  cold  is  produced. 

445.  It  becomes  coloured  by  exposure  to  the  sun's  light,  K^^etofioiw 
punog  first  to  a  straw  colour,  and  then  to  a  deep  orange.     This  i>sht. 
eftei  18  produced  by  the  union  of  the  light  of  the  sun  with 
oxygen,  in  consequence  of  which  the  proportion  of  the  acidi- 

fyiog  principle  to  the  nitrogen  is  diminished. 

446.  By  exposing  it  to  the  sun's  rays  in  a  gas  bottle,  the 
bent  tube  of  which  terminates  under  water,  oxygen  gas  may  be 
procured.     H.  1.  321. 

447.  Nitric  acid  is  of  considerable  use  in  the  arts.     It  is  em-  usm. 
ployed  for  etching  on  copper,  as  a  solvent  of  tin  to  form  with 
that  metal  a  mordant  for  some  of  the  finest  dyes ;  in  metallurgy 

ud  assaying  ^  in  various  chemical  processes,  on  account  of  the 
facility  with  which  it  parts  with  oxygen  and  dissolves  metals ; 
ID  medicine  as  a  tonic,  &c.  For  the  purposes  of  the  arts  it  is 
commonly  used  in  a  diluted  state,  and  contaminated  with  the 
salpburic  and  muriatic  acids,  by  the  name  of  aqua-fortis.  This 
is  generally  prepared  by  mixing  common  nitre  with  an  equal 
weight  of  sulphate  of  iron,  and  half  its  weight  of  the  same  sul- 
phate calcined,  and  distilling  the  mixture  ;  or  by  mixing  nitre 
with  twice  its  weight  of  dry  powdered  clay,  and  distilling  in  a 
reverberatory  furnace.  Two  kinds  are  found  in  the  shops,  one 
called  double  aquafortis  which  is  about  half  the  strength  of 
mlric  acid ;  the  other  simply  aquafortis^  which  is  half  the 
strength  of  the  double.    U.  72, 

•  Phil.  Trmxa.  178S.  t  Dr  ^^' 
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I  44S.  This  acid  retains  its  oxygen  wilh  but  little  force, — 
hence  it  is  decomposed  by  all  combustible  bodies,  which  are 
oxygenized  by  it,  wilh  more  or  less  rapidity  in  proporlion  to 
their  afliiiily  for  oxygen. 

Poured  on  perfectly  dry  and  powdered  charcoal  it  excitei 
the  combustion  of  the  charcoal,  which  bucomes  red  hot,  and 
emits  an  immense  quantity  of  fumes. 

It  al^o  infljmcs  esseiittiil  oils  when  suddenly  poured  on 
them. 

Into  a  gallipot,  placed  upon  a  hearth  and  conlainin|r  about  ■ 
table-spoonful  of  od  of  turpentine,  pour  about  half  the  quantity 
of  strong  nilrous  acid,  previously  mixed  wilh  a  few  drops  of 
sulphuric  acid.  The  moment  the  acids  come  in  contact  with 
the  turpentine  a  large  quantity  of  dense  smoke  will  be  pro- 
duced, often  accompanied  wilh  flame.  The  acid  should  be  pour- 
ed from  a  bjttic  lied  lo  the  end  of  a  long  stick,  otherwise  the 
operator's  eyes  m^iy  be  severely  injured. 

449.  It  is  also  decomposed  by  metals,  as  iron,  tin,  zinc,  cap- 
per, &.C.  and  with  different  phenomena,  according  to  the  affio- 
ity  of  each  metal  for  oxygen. 

This  may  be  seen  by  pouring  some  strong  nitric  acid  on  iroD 
fih'ngs.  or  powdered  tin.  The  acid  must  be  of  greater  density 
than  1,48,  otherwise  it  will  not  produce  the  effect.  Violent 
heat,  attended  with  red  fumes,  will  be  produced,  and  the  metals 
will  be  oxidized.  H.  I.  333. 
3  450.  Nitric  acid  may  be  decomposed  by  passing  its  vapour 
through  a  red  hot  porcelain  tube  ;  oxygen  is  given  off,  nitrous 
acid  gas  ia  produced,  and  a  quantity  of  diluted  acid  passes 
over  into  the  receiver,  haviog  escaped  decomposition  ;  so  that 
it  is  thus  proved  to  consist  of  nitrous  acid  gas,  oxygen  and 
water. 

l-'ur  experiments  of  this  kind  the  form  of  apparatus,  described 
for  the  deeomposilion  of  water  by  iron  (351),  may  he  employ- 
ed, omitting  the  condensing  worm-pipe. 

The  nature  of  nitric  acid  was  first  synthetically  demonstrated 
by  Mr  Cavendish,  who  passed  electric  sparks  through  a  portion 
of  atmospheric  air,  or  through  a  mixture  of  one  part  of  nitro* 
gen  and  two  of  oxygen,  confined  over  mercury.  After  some 
time  the  mixture  diminished  in  bulk,  an<l,  on  admitling  a  liltle 
water,  an  acid  solution  was  obtained,  which  afforded  crystals  of 
nitre  when  saturated  with  potassa. 

451,  Nilro-Tnuriatic  Acid. — This  term  has  been  applied  to 
the  Jiqua  Regia  of  the  alchemists.  When  nitric  and  muriatic 
acids  are  mixed,  they  become  yellow,  and  acquire  the  power 
of  readily  dissolving  gold,  which  neither  of  the  acids  possess- 
ed separately.  This  mixture  evolves  chlorine,  a  partial  de- 
composition of  both  acids  having  taken  place,  and  water,  chlo- 
rine, and  nitrous  acid  gas.  are  thus  produced ;  that  is,  the 
hydrogen  of  the  muriatic  acid  abstracts  oxygen  from  the 
nitric  to  form  water:  the  result  must  be  chlorine  and  nitrous 
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Mid. — Davt,  Journal  of  Science  and  the  Arts,  Vol,  \.  p, 
67. 

For  every  101  parla  in  weight  of  real  nitric  aciJ  (etjuivalent 
■  lis  of  hydro-nilric  acid)  which  ore  decomposed,  67  parts  of 
l^iortne,  Sir  H.  Duvy  cnleulales,  are  produced.  Accordiiie;  lo 
iliis  view  it  is  not  correct  lo  say  that  tiqun  regia  oxidJleii  gold 
or  platinum,  since  it  merely  causes  their  combination  with  chlo- 
rine. By  loo);  continued  and  gentle  heal,  nitro-murinlic  acid 
may  be  entirely  deprived  of  chlorine,  and  it  then  loses  its  power 
of  acting  on  gold  and  platinum.     II,  I.  335. 

A52,  Nitrogen  and  Chlorine. — Chloride  of  Nitrogen. —  ^','^7'^^° 
These  gases  do  not  unite  dirtclly,  but  the  compound  may  be 
obtained  by  exposing  a  snlulion  of  nitrate  or  muriate  of  am- 
monia to  the  action  of  chlorine,  at  a  temperature  of  GO"  or  70°. 
The  gas  is  absorbed,  and  an  oil-like  fluid,  heavier  tliaii  water, 
is  produced.  It  is  the  most  powerfully  dclonaling  compound 
with  which  we  are  acquainted.  It  was  discovered  by  M.  Du- 
long,  in  IS13, — ^tnnales  de  Chimie,  Vol.  Ixxxv.  -—"j 

The  simplest  mode  of  obtaining  this  compound,  consists  in  Vnrrm  r, 
filling  a  perfectly  clean  glass  basin  with  a  solution  of  about  one  '''"'"""•* 
part  of  sal-ammoniac  in  twelve  of  water,  and  inverting  into  it  a 
tall  jar  of  chlorine.     The  saline  solution  is  gradually  absorbed 
and  rises  into  the  jar,  a  film    forms  upon  its  surface,  and  it  ac- 
quires a  deep-yellow  colour  ;  at  length  smalt  globules,  looking 
like  yellow  oil,  collect  upon  its  surface,  and  successively  fall 
into  the  basin  beneath,  whence  they  are  most  conveniently  re- 
moved by  drawing  them  into  a  small  and  perfectly  clean  glass 
syringe,  made  of  a  glass  tube  drawn  to  a  pointed   orifice,  and 
having  a  copper  wire  with  a  piece  of  clean  tow  wrapped  round 
it  for  a  piston  ;  fig.  101,  in  this  way  a  glubule  may   be  drawn     I 
into  the  lube,  and  transferred  to  any  other  vessel,  ^* 

453.  It*  specific  gravity  is  1,6653  water  being  1,  it  is  not  ,.„[„„j, 
congealed  by  cold.  Its  odour  is  irritating  and  peculiar;  it 
Tery  soon  evaporates  when  exposed  to  air.  This  substnncc  is 
deromposed  with  violent  detonation  by  many  combustibles, 
especially  phosphorus,  and  fixed  oils.  Its  discoverer  M.  Du- 
long  was  severely  wounded  in  his  first  expi'rimeuts  on  it; 
unA  Sir  H.  Davy  had  a  serious  injury  done  to  his  eyes  in  re- 
peating them. 

Id  making  these  experiments,  a  small  globule  of  the  com-  k«>ii-i. 
pound,  about  the  size  of  a  mustard-seed,  should  be  cauiiously  j^.ou™' 
transferred  to  a  clean  porcelain  basin,  half  filled  with  water. 
The  basin  should  be  covered  with  a  wire  safe-guard.  A  very 
small  piece  of  phosphorus,  fixed  lo  the  end  of  a  long  rod  with 
the  extremity  dipped  in  oil  may  be  then  brought  into  cunlact 
with  the  globule,  vvhich  instantly  explodes,  dispersing  the  wa- 
ter, and  breaking  the  basin.  At  160°  it  distils  without  change, 
but  at  m"  explodes,  and  is  decomposed.     It  was  submitted  is 


Ihe  action  of  125  different  substances,  by  Messrs  Porret  and 
Wilson,  of  which  the  following  caused  it  to  explode. 


Phosphorus. 

Olive-oil. 

Phospbiiret  of  lime 

Oil  of  turpentine. 

Caoutchouc. 

Naplha. 

Mynh. 

Liquid  ammonia. 

Palm-oil.  ' 

Phosphuretted  hydrogen 

Whale-oil. 

Nitric  oxide. 

Linseed-oil. 

The  metals,  resins,  and  sugar  did  not  cause  it  to  explode. — 

Nicholson's  Journal,  Vol.  xxxiv. 

'"      454,  Alcohol   quickly   changes   it   into   a   while   substance. 

'  Mercury  absorbs  the  chlorine  and  evolves  nitrogen.     It  yields, 

by  decomposition,  1  volume  of  nitrogen  and  4  of  chlorine  ;  and 

as  the  specific  gravity  of  nitrogen  to  chlorine  is  as  14  to  36,0, 

so  it  may  be  said  to  consist  of  1  proportional  of  nitrogen  +  4 

proportionals  of  chlorine,  Oi-  14  -f  144,  by  weight,  and  its  ni)m-_ 
her  will  be  158. 


455.  In  the  slate  of  vapour,  it  is  probable  that  the  five  volumes 
of  aeriform  matter  which  it  affords  by  decomposition,  are  con- 
densed into  one,  since  its  decomposition  by  mercury  is  not  at- 

-  tended  by  any  change  of  ils  volume. 

J  456.  Nitrogen  and  Iodine. — Iodide  of  Nitrogen. — A  com- 
pound of  these  bodies  may  be  procured  by  pouring  a  solutioQ 
of  ammonia  upon  a  very  small  quantity  of  iodine.  Hydnodic 
acid  is  one  product,  and  the  other  a  brown  powder,  which  de- 
tonates upon  the  slightest  touch,  and  is  resolved  into  nitrogen 
and  iodine.     It  may  be  collected  by  pouring  off  the  liquid,  and 
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fhdiig  if ^  Mlile  iMi^  In  tmaU  ptreeUi  upon  Inlnilous  {»p«^, 
wkere  it  mdsl  be  fiftrad  to  dry  spontooeoosl  j. 

If  fre  coltect  tlie  pewder  on  two  or  more  teptrtte  pieces  of 
|iaper,  and  pfaiee  tKm  it  floferal  inches  Mput,  the  explosion  of 
iw  one  of  mtm  win  cMose  that  of  the  others. 

when  it  detonates,  the  purple  fumes  of  iodine  are  percepti- 
ble, and  it  is  ceHTerted  into  nitn^n  ess  and  iodine ;  but  all 
Mlemiifi  to  eolleet  the  prodocts  have  uiled,  and  we  are  igno- 
rant ihereibre  of  the  proportion  of  its  components. 

When  left  eafpOsed  it  mdoally  evaporates. 

457.  IKUvgen  und  iBgdrogenrr^JSmmtmia;  or    Vblaiik        ^    ^ 
eSofiL-^Ammonia  in  its  purest  form  exists  in  the  state  of  a  vdauk  iS^ 

gSB* 

It  itta J  be  bbCaiaed  by  heating  a  mixture  of  quicklime  and  tne„^  §m 
whtfiaie  qf  athmonia  (Sal  ammoniac.)    Two  parts  of  dry  «btes>i^ 
oal^kHme  and  one  of  muriate  of  ammonia,  each  sepsrately  pow^^ 
4tnit  BMy  be  introduced  into  a  small  glass  retort,  or  gas  bottle^ 
jUd  tfjien  the  application  of  a  gentle  heat  the  gas  passes  ovet. 
wt  BMaif  to  received  over  mercury^ 

459-.P)MnMms  not  hating  a  mercurial  apparatus  may  receive 
this  giif  in  A  glass  jar  inverted  over  a  tubs  bent  as  in  fig.  109. 
As  the  pM  h  evolved  from  the  materials  contained  in  the  gae- 
botde,  it  rises  into  the  jar  and  displaces  the  atmospheric  air. 
When  ihe  jar  is  filled  with  ammonia  (which  will  be'kdown  by 
its  pnngent  odour  as  it  escapes  fi^m  the  neck  of  the  jar)  the 
iuie  may  be  carefully  withdrawn,  and  a  well  ground  stopper 
be  ibserted  into  the  neck  of  the  jar. 

459.  Ammonia  is  permanently  elastic  at  common  tempera-  Properties, 
ture^y  extremely  pungent  and  acrid,  but  when  diiuted  by  mix- 
ture with  common  air,  agreeably  stimulant.  It  converts  most 
vegetable  blues  to  green,  and  the  yellows  to  red,  properties 
which  belong  to  the  bodies  called  alkalis.  Ammonia,  there- 
fore, has  been  termed  volatile  alkali. 

460.  It  extinguishes  fiaroe,  and  is  fatal  to  animals.     Before, 
however  a  candle  is  extinguished  by  immersion  in  this  gas,  the  ^^*c^b^' 
flame  is  enlarged,  by  the  addition  of  another  of  a  pale  yellow  **<>»»• 
colour,    which  descends    from'  the  mouth    to    the   bottom    of 

the  jar.     If  the  fiame  of  the  candle  be  only  in  part  immersed  Kxp. 
in  the  gas,  this  yellowish  flame  rises  a  few  lines  above  the 
other. 

461.  Ammoniacal  gas  is  not  sufficiently  inflammable  to  burn 

when  in  contact  with  common  air.     But,  when  expelled  from  AHMc/irox- 
the  extremity  of  a  pipe,  having  a  small  aperture,  surrounded  by  )k«^»km- 
oxygen  gas,  it  may  be  kindled,  and  it  then  burns  with  a  pale 
yellow  flame,  the  products  of  its  combustion  being  water  and 
nitrogen  gas. 

462.  Ammonia  is  rapidly  absorbed  by  water.     A  drop  or  two 

of  water  being  admitted  to  ajar  of  this  gas,  confined  over  mer-  iaJ^j!**^  **^ 
cury,  the  gas  will  be  immediately  absorbed,  and  the  mercury 
will  rise,  so  as  to  fill  the  whole  of  the  jar,  provided  tiic  gas  be  Esp 


suOicIenllj'  pure.  Ice  produces  the  same  eSect  in  i  still  more 
remarkable  manner,  and  liquid  ammonia  is  produced. 
ficrr.).  ^^^-  ''^  specific  gravity  to  hydrogen  is  as  8,5  to  1  ;  100  cu- 
bical inches  weighing  m  grains,  B.  Air  being  =^1  its  ipccilic 
gravity  is  0,5!)027.  Oxygen  =1  it  is  0,53125,  and  100  cubic 
inches  weigh   18,0035.     T, 

464.  When  ammonia  is  presented  to  muriatic  acid  it  unites 
with  it  and  white  vapours,  composed  of  muriate  of  ammonia  are 
formed.  This  will  be  evident  ii'  we  moislen  the  inside  of  a  glass 
jnr  with  muriatic  acid,  and  pass  into  It  a  small  quantity  of  am- 
monia, dense  clouds  of  muriate  of  ammonia  will  immediately 
form  (37). 

465.  Chlorine  and  ammonia  exercise  fo  powerful  an  action 
ling  ihi  on  each  other  that  when  mixed  suddenly,  a  sheet  of  white  flame 
Ibi.  Md  pervades  them.  The  simplest  way  of  making  this  experiment, 
'"'        is  lo  invert  a  matrass  with  a  conical  neck  and  wide  mouth,  over 

another  with  a  taper  neck  containing  a  mixture  of  sal  ammo- 
niac and  lime,  heated  by  a  lamp.  As  soon  as  the  upper  vessel 
seems  to  be  full  of  ammonia,  by  the  orerHow  of  the  pungent 
gas,  it  is  to  be  cautiously  lifted  up,  and  inserted,  in  a  perpendic- 
ular direction,  into  a  wide  mouthed  glass  decanter  or  flask,  filled 
with  chlorine.  On  seizing  the  two  vessels  thus  joined  with  tbo 
two  hands,  covered  with  gloves,  and  suddenly  inverting  them, 
like  a  sand-glass,  the  heavy  chlorine  and  light  ammonia,  rush- 
ing in  opposite  directions,  unite,  with  the  evolution  of  flame. 
U.  158. 
ir  .m.  466.  The  usual  state  in  which  ammonia  is  employed  is  in 
solulion,  both  in  chemistry  and  medicine.  This  solution  bears 
the  name  of  Liquor  Ammonias  of  the  London  Pharmacopa;ia," 
It  may  be  obtained  by  passing:  the  gas  into  water  in  a  proper 
apparatus,  fig.  31,  or  by  distilling  over  the  water  and  gas  to- 
celher. 
•huu  .-.'  "^^^  following  process,  recommended  by  Mr  Phillips  answers 
■•l  '^"  well.  On  9  ounces  of  well-burned  lime  pour  half  a  pint  of  wa- 
ter, and  when  it  has  remained  in  a  well  closed  vessel  for  about 
an  hour,  add  12  ounces  of  muriate  of  ammonia  in  powder  and 
three  pints  and  a  half  of  boiling  water  ;  when  the  mixture  has 
cooled,  pour  off  the  clear  portion,  and  distd  from  a  retort  20 
fluid  ounces.  The  specific  gravity  of  this  solution,  which  is 
siifiGciently  strong  for  most  purposes,  is  0,954 — liemarks  on 
London  Pkartnacopceia.  p.  34. 
I  The  specific  gravity  of  the  ofGcinal  solulion  directed  in  the 
/    PharmacopcEia,  is  0,960, 

467.  Liquid  ammonia  should  be  preserved  in  well-stopped 
glass  bottles,  since  it  loses  ammonia  and  absorbs  carbonic  acid, 
when  exposed  lo  air,  \VTien  heated  to  about  140°,  ammonia  is 
rapidly  given  off  by  it;  when  concentrated  it  requires  to  be  cool- 
ed to  —  40°  before  it  congeals,  and  then  it  is  apparently  inodo-  . 
rous. 
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nilro^cn  gases,  furnishing  a  singular  instance  of  change  of  prop- 
erties ID  consequence  of  chemical  combinalion.  a  fig,  103,  is  a 
bladiier  filled  with  ammonia  which  may  be  passed  through  the 
iron  tube  £,  placed  in  the  furnace  c ,-  the  gas  is  decomposed, 
and  hydrogen  and  nitrogen  may  be  collected  over  the  water 
in  d. 

Ammonia  is  also  decomposed  when  passed  over  black  oxide 
of  manganese,  healed  red-hot  in  a  porcelain  lube  ;  the  resulu 
are  water  and  nitrous  acid  gas  ;  nitrate  of  ammonia  is  also  oftea 
formed, 

hMii.  '*'2-  Ammonia  is  produced  synthetically  during  the  decom- 

positioj]  of  many  animal  substances;  it  is  also  formed  during 
the  violent  action  of  nitric  acid  upon  some  of  the  metals  ;  and 
by  moistened  iron-lillngs  exposed  to  an  atmosphere  of  nitrogen  ; 
in  these  cases  the  nascent  gases  unite  so  as  to  form  a  portion  of 
ammonia. 

I  pf  om-       473.  Ammonia  combines  with  the  acids,  and  produces  a  class 

'»■  of  salts  which,  with  very  few  exceptions,  are  soluble  in  water, 

and  which  evolve  the  odour  of  ammonia  when  mixed  with 
Jime  or  with  pure  potassa.  These  salts  are,  for  the  most  part, 
entirely  dissipated,  and,  generally  speaking,  decomposed  bjr 
heat. 

=~i^o£  4-J4  Jlnxmonia  and  chloric  acid — Chlorate  of  •Ammonia 
is  formed  by  saturating  chloric  acid  with  carbonate  ofamnaonia. 
It  forms  very  soluble  acicular  crystals,  of  a  sharp  taste,  which 
detonate  when  thrown  upon  hot  cnais.  It  probably  consists  of 
1  proportional  of  each  of  its  components,  and  17  ammonia -f- 
76  chloric  acid. 

475.  I'jdute  of  Ammonia  forms  small  indcterminale  crys- 
tals; when  heated  Ihcy  are  decomposed  into  oxygen,  nitrogen, 
water  and  iodine. — When  heated  in  close  tubes,  the  tubes  are 
freqiienlly  burst ;  hut  Gay-Lussac  succeeded  in  collecting  the 
products,  which  were  equal  volumes  of  oxygen  and  azotic 
gases.  He  stales  its  composition  at  100  acid  +  10,04  ammonia, 
or  2  vols,  of  gaseous  ammonia,  1  volume  of  iodine  in  vapour, 
and  2J  volumes  of  oxygen.     H.  405. 

476.  Jimmonia  and  Chlorine.  No  compound  of  chlorine 
and  ammonia  can  exist,  for  as  soon  as  ammonia  is  brought  into 
contact  with  chlorine,  it  is  decomposed  in  the  manner  already 
described  (456)  H.  On  mixing  15  parU  of  chlorine  and  40  of 
ammonia,  5  parts  of  nitrogen  are  liberated  and  muriate  of  am- 
monia is  formed.     B. 

477.  t^mmonia  and  Muriatic  ^cid — Muriate  of  Ammo- 
Mimoni.  ^j-jj — Ilydrochlorale  of  Ammonia — Sal-t^mmoniac. — This 

salt  may  be  produced  directly  by  mixing  equal  volumes  of 
ammonia  and  muriatic  acid,  when  an  entire  candensatloQ  ea- 
sues  (37). 

This  may  be  shown  by  means  of  the  apparatus  fig.  53.  Into 
one  of  the  retorts  a  small  quantity  of  muriatic  acid  (or  the  ma- 
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from  which  the  acid  gas  is  usually  ubtaincil  (371)  is  intro- 
;  aod  into  the  other  liquid  ammonia  (or  Ihe  mixture  of  e 
Xmeand  muriate  of  ammonia  (457).  The  evolved  gases  passing 
ifltv  the  cylinder  unite  producing  dense  clouds  of  muriote  of 
immoDiK  which  concrete  upon  the  inner  surface  of  the  cylin- 
der. 

478.  We  may  also  form  muriate  of  ammonia  by  mixing  over 
mercury,  equal  measures  of  ammoniacal  gas.  and  muriatic  acid 
gis,  which  are  entirely  condensed  into  a  while  solid. 

479.  It  is  easy  to  calculate   the  composition  of  this  salt,  for  '-' 
since  100  cubic  inches  of  mur'^tiu  acid    gas    iveijjh   39  grains* 
and  the  same  volume  of  ammo—aweighs  1S,I8  grains,!  muriate 
of  ammonia  must  consist  of 

Muriatic  acid  ......  68,205  ...   1   ...  .37 

Ammonia 31,745  ...  1   ...   17 


Bittin'its  ordinary  state,  th^^  tains  water,  the  propor- 

tion of  which,  according  to  Bi  i  as  follows 


f 


Muriatic  acid 
Ammoaia  .  . 
Witer  .... 


H.  1.  406. 

480.  Muriate  of  ammonia  when  heated  sublimes  in  the  form  ^JJi* 
of  white  vapour;  and  may  even  be  passed  through  glass  or  por- 
celain tubes  heated  to  redness,  without  alteration. 

481.  It  is  readily  soluble  in  water,  three  parts  and  a  half  of  ^JJ,"' 
which  at  60°,  take  up  one  of  the  salt.     During  its  solution  much 
caloric  is  absorbed.     It    is  still  more   soluble  in  boiling  water, 
Irom    which    it  crystallizes   on   cooling.     On  the  addition  of  a 
tolutioD  of  pure  potash,  soda,  or  lime,  the  alkali  is  disengaged, 

u  is  evinced  by   the  pungent  smell  that  arises.     This  may  be  ^ip. 
proved   by  rubbing  together  in  a  mortar  muriate  of  ammonia 
and  quicklime. 

4S2.  Though  generally  considered  as  a  neutral  salt,  yet,  if 
placed  on  litmus  paper  and  moistened,  Berzehus  observes,  that 
the  paper  is  reddened  after  some  moments,  as  it  would  be  by 
an   acid. 

483.  It  is  decomposed  by  baryta,  strontia,  lime  and  magne- 
sia.    H. 
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484.  Muriate  ofammonia  was  formerly  imported  from  Egypt, 
where  it  was  oblaineil  by  burning  the  dunp;  of  camels  ;  it  is 
now  abundantly  prepared  in  various  parts  of  Europe.  Its  pre- 
paration will  be  hereafter  (Icscrihed.  When  obtained  by  evap- 
oration  from  its  solution  in  water  it  forms  ocloedral  and 
plumoio  crystals;  but  in  commerce  it  usually  occurs  as  pro- 
cured by  sublimation,  in  while  cakes,  hard,  and  somewhat 
elastic,  and  in  this  compact  state  it  requires  for  solution  3,33 
parLs  of  water  at  60°. 

485.  Sal-ammoniac  is  used  in  the  arts  for  a  variety  of  pur- 
poses, especially  in  certain  mctallurf^ic  operations.  It  is  used 
in  tinniiii;,  to  prevent  the  oxidation  of  the  surface  of  coppcn 
and  small  i^ijantilics  are  consumed  by  dyers.  Dissolved  Id 
nitric  acid,  it  forms  the  aqtin  regia  of  commerce,  used  for  dis- 
solving gold,  instead  of  a  mixtiii'e  of  nitric  and  muriatic  acids 
(451.) 

48G.  Native  Mur la/e  o/Jlmmonii  occiiTi^  mass'wB  and  crys- 
tallized, in  the  vicinity  of  volcanoes,  and  in  the  cracks  and 
pores  of  lava  near  their  craters.  It  has  thus  been  found  at 
Etna,  and  at  Vesuvius,  in  the  Sulfaterra  near  Naples,  and  in 
some  of  ihe  Tuscan  Lakes.  An  efHurescence  of  native  sal-am- 
nioniac  is  sometimes  seen  upon  pit-coal,  lis  colour  varies  from 
the  admixture  of  foreif;n  matter,  and  it  is  frequently  yellow 
from  the  presence  of  sulphur.  It  is  said  that  considerable 
quantities  of  native  sal-ammoniac  are  also  found  in  the  country 
of  Bucharia,  where  it  occurs  with  sulphur  in  rocks  of  indurated 
clay.     The  ancients,  according  to  Pliny,  called  this  salt  ammO' 

H  niac,  because  it  was  found  near  the  temple  of  Jupiter  Ammoo, 
in  Africa. 

487.  Hydriodate   of  Jlmmnnia, — In   a   former   paragraph 

.  (456)  the  action  of  iodine  on  ammonia  has  been  stated  to  pro- 
duce a  portion  of  hydrioriale  of  ammonia  :  this  compound  may 
be  directly  formed  by  mixini^  equal  volumes  of  hydriodic  and 
ammoniacal  gases  ;  or  by  saturating  liquid  hydriodic  acid  by 
carbonate  of  ammonia;  it  forms  very  soluble  and  deliquescent 
cubic  crystals,  volatile  in  close  vessels  without  decomposition. 
— Gay-Lussac,  ^nnales  de  Chim.  xci. 

48S.  Ammonia  and  Nitric  -9cid — Nitrate  of  ,imtnoHia.— 
This  salt  may  be  procured  by  the  direct  union  ofammonia  wilh 
nrtric  acid  ;  or  more  easily,  by  saturating  dilute  nitric  acid  wilh 
carbonate  ofammonia.  Ithas  been  meniioned  as  Ibe  source  of 
nitrous  oxide,  and  when  heated  is  entirely  resolved  into  that 
gas  and  water.  '  It  consists  of  one  proportional  of  nitric  acid 
=  54-|-one  proportional  of  ammonia  =  17,  and  therefore  the 
representative  number  of  nitrate  ofammonia  is  71.     Or  it  may 

■  be  considered  as  coniaiuing  two  proportionals  of  nitrogen,  three 
of  hydrogen,  and  live  of  oxygen,  as  the  following  symbols 
show : 
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Nitrate  of  Ammonia. 
A 


Nitric  Acid. 

54. 


Amniooia. 

17. 


Kitro^a 

4 

Oxypen 
8 

8- 

8. 

8. 

t 

8. 

Nitrogen 
14 

Hydrogen 

1 

• 

1 

1 

'Nitrous  oxide  consists  of  1  proportional  of  nitrogen  =  14 
-f  I  of  oxygen  =8;  hence  the  2  proportionals  of  nitrogen  in 
Uiesalt  (1  in  the  acid  and  1  in  the  ammonia)  will  require  2  of 
oxygen  to  produce  nitrous  oxide,  and  the  remaining  3  of  oxy- 
gen will  nnite  to  the  3  of  hydrogen,  and  form  water ;  and  ac- 
cordingly nitrous  oxide  and  water  are  the  only  possible  results ; 
so  that  the  elements  after  the  decomposition  of  the  salt,  are 
arranged  thus : 


Tvo  proportionals  of  Nitroot  Oxide. 


Three  proportionals  of  Watrr. 


Nitrogen 
14 

Oxygen 
8. 

14 

.8. 

Hydrogtn 

1 

Oxygen 

• 

X 

8. 

1 

8. 

489.  Nitrate  of  ammonia  has  long  been  known,  and  was  for- 
merly called  Niirufnftafnmans.  It  differs  in  form  according  to 
the  maivier  in  which  its  solution  has  been  evaporated ;  if  at  a 
temperature  below  100^,  its  crystals  are  six-sided  prisms  ter- 
minated by  six-sided  pyramids )  if  boiled  down^  its  crystals  are 
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tliiu  and  fibrous:  it  is  deliquescent,  and  soluble  in  twice  its 
wei*hl  or  water  at  60°,  and  in  ils  own  weighl  at  212°.  Its  lasle 
is  acrid  and  bllter.  It  contains  different  proporlions  of  walti- 
of  cryslallizalion  ;  according  lo  Berzelius,  the  prismatic  variety 
affords  11,232  per  cent.  (60  Jinnales  de  Chimie.)  According 
to  Diivy,  the  fibrous  variety  contains  8,2  per  cent.;  and  the 
compact,  obtained  by  evoporatint;  the  solution  till  it  concretes, 
5,7  per  cent,  of  water  of  cryslallizalion. — Davy's  Jiesearc/ta, 


composition  of  atmospheric  air 
n  llie  prcredinp  pages,  and  as 
b  its  esaential  componenl  parts, 
t  may  be  right  to  consider  iu 


p.  71. 
■■  490.  Atmospheric  ^i>.— The 
has  been  frequently  alluded  to  i 
the  student  is  now  acquainted  wi' 
namely,  oxygen  and  nitrogen, 
properties  more  at  length. 

The  atmosphere  is  a  thin,  transparent,  invisible,  and  elastic 
fluid,  which  surrounds  our  planet  and  rcarhns  to  a  considerable 
heit;ht  above  ils  surface,  probably  about  -45  miles. 

■191.  That  air  ia  a  ponderous  body,  was  first  suspected  by  Ga- 
lileo, who  found  that  a  copper  ball,  in  whicii  the  air  bad  been  cod- 
densed,  weighed  heavier  than  when  the  air  was  in  ils  ordinary 
stale  of  tension.  The  fact  was  afterwards  demonstrated  by  Tor- 
ricelli,  whose  attention  was  drawn  to  the  subject  by  the  attempt 
of  a  well-digger  at  Florence,  to  raise  water  by  a  sucking-pump 
lo  a  height  exceeding  33  feet.  It  was  then  found  that  the  prei- 
sure  of  the  atmosphere,  and  not  nature's  abhorrence  of  * 
vacuum,  was  the  cause  of  the  ascent  of  the  water  in  the  pump- 
pipe,  and  ihat  a  column  of  about  the  height  mentioned  was 
sufficient  to  equipoise  the  atmosphere. 

In  1G43,  Torricelli  filled  a  glass  tube,  three  feet  long  and 
closed  at  one  end,  with  quicksilver,  and  inverled  il  in  a  buio 
of  the  same  fluid  j  he  found  that  the  mercury  lell  about  six 
inches,  so  that  the  atmosphere  appeared  capable  of  counterbal- 
ancing a  column  of  mercury  30  inches  in  height.  The  empty 
space,  in  the  upper  part  of  the  tube,  has  hence  been  called  the 
Thrricellian  vacuum,  and  is  the  most  perfect  that  can  be 
formed. 

Paschal  and  Torricelli  afterwards  observed,  that  upon  ascend- 
ing a  mountain,  the  quicksilver  fell  in  the  tube,  because  there 
was  less  air  above  to  press  upon  the  surface  of  the  metal  in  the 
basin ;  and  thus  a  method  of  measuring  the  heights  of  moan- 
tains  by  the  barometer,  as  the  inslrument  is  now  called,  was 
devised.  Sir  Henry  Englefield  has  constructed  a  barometer, 
expressly  for  these  investigations,  the  mode  of  using  which  it 
described  in  the  Journal  of  Science  and  the  Arts,  Vol.  V, 
p.  229. 

The  barometer  indicates,  by  its  rise  and  fall,  a  corresponding 
change  in  the  density  of  the  atmosphere.  At  the  surface  of  the 
earth  the  mean  density  or  pressure  is  considered  equal  to  the 
support  of  a  column  of  quicksilver  30  inches  high. 
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Al  1000  feet  above  Ihe  surface  the  coUimn  falls  to  28,91 

20U0 27,86 

3000 ■    .    .    .  3e,85 

4000 25,87 

5000 2^,03 

1    Mile 24,67 

3 20,29 

3 16,68 

4 13,72 

5 II, 88 

10 4,24 

15 1,60 

20 0,!15* 

492.  The   general    mechanical  properties  of  the  air  art  bwt 

illustrated  by   the  air-pump,  the  construction  of  which  mitiib      

resembles  that  of  the  common  sucking-pump  used  for  imhiw  **''™'- 
Water,    excepting   that   all  the    parts  are  more  accurately  ■na 
nicely  made,  the  object  bcinj;  to  exhaust  the  air  as  completely 

and  expeditiously  as  possible.t 

493.  The  specific  gravity  of  atmospheric  air,  at  mean  tenj-  ^^^ 
pcrature  and  pressure,  that  is,  the  thermometer  hein|;  at  00",  pH^ 
and  the  barometer  at  30  inches,  is,  usually  considered  as»l< 

It  is  about  828,5!)  limes  as  light  as  its  bulk  of  water,  100  ciifaieel  ' 
inches  weighing  30,5  grains. 

■Iy4.  Atmospheric  air  has  already  been  stated  lo  consist  et- 
sentially  of  oxygen    and    nilrof^en  gases  (4SI0);  but  whether  it  ciun^na  rf. 
should  be  considered  a  mere  mixture  or  a    chemical  compound  ^^'tl^^\'.    . 
seems  t  question  not  easily  decided.     The  former  of  these  gases  ><°°- 
■eems  to  be  the  only  ingredient  on  which  the  eSects  of  the  air, 
as  a  chemical  agent,  depend.     Hence  combustible  bodies  burn 
in  ^mospheric  air,  only  in   consequence  of  the  oxygen  gas 
whiell  it  contains;  and  when  this  is  exhausted,  air  is  no  longer 
cspable  of  supporting  combustion.     Its  analysts  is  satisfactorily 
demonstrated  by  the  action  of  heated  mercury,  but  the  process 
V  ezlremfely  lediouB.     (See  Lavoisieh's  EUmtnts,  chap,  ill.) 
By  exposure,  during  12  days  to  mercury  heated  in  a  retort,  a  LivoWtr-. 
given  quality  of  atmospheric  air  was  found  to  be  diminished  "'°™°""* 
iQ  bulk,  and  to  have  lost  its  property  of  supporting  combustion. 
The  mercury  was  changed  inl6  red   scaly  particles,  and  it  had 
acquired  an  increase   of  weight.     When   these  red   particles 
were   submitted   to  heat,  in  a  retort,  oxygen  gas  was  evolved 
equal  ia  bulk  to  what  the  air  had  lost  in  the  first  part  of  the  ex- 
periment. 

495.  If  a  little  sulphur  or  phosphorus  be  burnt  in  a  jar  of 
atmospheric  air,  instead  of  oxygen  gas  (262)  the  combustion 
will  be  less  virid,  and  will  cease  sooner.  The  remaining  air 
wiQ  not  support  combustion,  and  will  be  found  to  be  nitrogen 

b.  .Hulanici.  pi(t  403. 
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There  are  various  ways  of  learning  Hie  proportion  which  the 
oxygen  bearit  lo  ihc  nitro;;C!i  ;  anii  as  the  ruhilive  fitness  afllie 
.-lir  Fur  brcHthiiif;  has  sometimes  been  consiilered  as  depending 
upon  Ihe  quanlitv  of  oxygen  contained  in  a  given  volume,  the 
instruments  used  in  ihese  experinicnis  have  been  called  eudi- 
ometers. 

■190.  From  fafis  already  slated  it  is  obvious,  that  if  atmospheric 
air,  mixed  with  a  certain  quantity  of  hydrogen,  be  detonated 
by  the  electric  spark  (338)  the  absorplion  will  be  propor- 
tionate to  tlie  qnaiitity  of  ox)gen  present. 

When  ICK)  measuies  of  pure  hytlroj;eii  are  mixed  with  100 
of  pure  oxy;;en,  the  diminution  of  bulk  after  detonation  will 
amount  to  150  paris,  llial  is,  one  volume  of  oxygen  requires 
for  its  saturation  two  of  hydrogen.  If  we  introduce  into  the 
graduated  detonatinj;  tube  {fig.  SS)  300  measures  of  common  air, 
and  800  of  pure  hydro^ren,  there  will  remaio,  after  detonation 
305  measures;  so  that  If<5  measures  will  have  disappeared,  of 
which  one-third  may  be  estimated  as  pure  oxygen;  hence  300 
parta  of  air  have  thus  lost  G5  of  oxygeji,  or  about  21  per 
cent. 

497.  The  general  rule,  therefore,  for  estimating  the  purity 
of  air  by  hydrogen  gas  may  be  st.ited  as  follows: — Add  to  3 
measures  of  the  air  under  examination  2  measures  of  pure 
hydro.;en;  detonate  j  and,  when  the  vessel  has  cooled,  observe 
the  absorption  ;  divide  its  amount  by  3,  and  the  quotient  is  the 
quantity  of  oxygen. 

Upon  the  same  principle,  detonation  of  mixtures  of  oxygen 
and  hydrogen  is  often  resorted  lo,  with  a  vicM'  of  ascertaining 
the  purity  of  those  gases.  Thus,  suppose  100  measures  of  oxy- 
gen, Biid  300  of  bydrugeu,  to  be  reduced  by  detonation  lo  130, 
the  whole  dtiniu'utlon  will  be  =  270,  which,  divided  by  3, 
gives  !10  for  the  quantity  of  oxygen  ;  so  that  il  contained  \0  per 
cetil.  of  some  gas,  not  condensable  by  detonation  with  hydro- 
gen. 

To  ascertain  the  purity  of  hydrogen,  il  may  be  detonated 
with  excess  of  pure  oxygen.  Thus,  if  we  add  100  of  pure 
oxygen  to  100  of  hydrogen,  and  detonate,  there  will  be  a  dimi- 
nution equal  to  two-thirds,  or  150  parts  if  the  bydtogen  be 
pure.  If,  however,  we  sup|iose  100  of  pure  oxygftn,  mixed 
with  100  of  hyi'rogen,  to  produce,  after  detonation,  a  residue 
of  SO  measures  ;  the  diminution  »'i]|  then  have  been  only  120 
measures,  of  which  two-thirds,  oi'  c^O  measures,  are  hydrogen  ; 
so  that  the  inflammable  gas  will  have  contained  20  per  cent,  of 
some  other  gaseous  body,  not  condensable  by  detonation  with 
hydrogen, 

408.  This  mode  of  ascertaining  the  purity  of  atmospheric  air 
was  first  resorted  to  by  Volta,  and  it  is  susceptible  of  great  accu- 
racy, since  pure  hydrogen  and  pure  oxygen  arc  easily  procured. 
An  improved  detonating  tube  for  these  purposes  has  been  des- 
cribed by  M.  Gay-LussaCj  tSnnates  de  Chim.  et  PAi/s.  IV. 
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188,*  Several  new  Eudiometers  have  been  described  by  Pro- 
fessor Hare  in  the  •>^nier (can  Jour,  of  Science^  Vols.  II  and  X. 

499.  Scheele,  in  his  eudiometrical  experiments,  employed  ofScbeeie. 
nUphuret  of  potassay  the  solution  of  which  rapidly  absorbs 
oxygen,  as  may  be  shown  by  agitating  it  with  somo  atmos- 
pheric air,  in  a  graduated  glass  tube.     Or  take  two  tubes,  each 

a  few  inches  long,  closed  at  one  end,  and  divided  into  100 
aliqaot  parts.  Fill  the  one  with  atmospheriral  air,  the  other 
with  oxygen  gas,  and  invert  them  in  two  separate  cups,  filled 
with  a  solution  of  sulphuret  of  potash.  The  sulphuret  will 
ascend  gradually  within  the  tube  of  common  air.  till,  after  a 
few  days,  about  four-5ths  of  its  original  volume  will  remain; 
but,  in  that  containing  oxygen,  it  will  ascend  much  higher^  and, 
if  the  gas  be  pure,  will  even  absorb  the  whole. 

The  explanation  of  this  fact  is,  that  liquid  sulphuret  of  potash 
.has  the  property  of  absorl)ing  oxygen,  but  not  nitrogen.  It 
therefore  acts  on  atmospheric  air,  only  as  long  as  any  oxygen 
gas  remains,  and  may  be  employed  as  a  means  of  ascertaining 
the  quantity  of  this  gas  in  the  atmosphere  at  different  times  and 
at  distant  places.     H.  I.  289. 

500.  The  best  instruments  for  these  experiments  are  the  eu- 
diometric  tubes  of  Dr  Hope  (Nicholson's  Journal^  Vol.  iv.)  ^'  "**^' 


^  la  IIm  —Jiaieter  of  Dr  Uf%  tbe  ataotpberie  air,  the  most  elaitic  and  ecoDomicul  of  all  »pring^» 
is«aipW]r«d  to  ive«iTe  mad  deaden  the  rrcoU.  Tbii  eudiometer  romiits  of  a  ^Um  »yphoD  (d^  107), 
kariof  an  interior  diameter  of  from  9-lOibs  to  4>  lOihs  of  an  inch.  Iti  le^s  are  of  nrarlj  equal  leogth. 
each  bctof  (iMa  lii  to  nine  iocbei  loni;.  The  open  extremity  ii  ilightljr  funnel-tbaped,  the  other 
liermeticalljr  teelftd ;  and  hat  inserted  near  it,  by  the  blow- pipe  two  platina  wires.  The  outer  end 
of  the  ooe  wire  is  io<:urTated  across,  to  at  nenrly  to  touch  the  edg^e  of  the  aiM-rlurr  \  that  of  the  other 
is  formed  into  a  little  hook,  to  allow  a  imail  spherical  button  to  be  attiiched  to  it  when  the  electrical 
•perk  i«  to  be  tranomitt<d.  The  tw.o  Ifgs  of  the  syphuu  arr  from  one  fourtn  to  one  hntf  inch  asunder. 
The  oealed  lo^  it  gradoated  by  introducing^  sacceuively  equal  wei^^hls  of  rnerciiry  fruif>  a  measure 
flats  tnie.  Soven ouocct  troy  and  M  ^.iin»,  occupy  the  space  of  u  cubic  iixh  ;  and  34  1-4  grains 
represent  ■j\f  pvt  of  that  volume.  The  elher  leg  may  be  graduated  also,  tLoo^h  this  it  not 
neccatsrj. 

To  OM  this  inttroment.  we  first  fill  the  whole  syphon  with  mercury  or  water ;  the  open  leg  is  then 
^oflfod  iate  a  pncomatie  troagh,  and  any  convenient  quantity  of  the  gases  are  introdui:i*d  from  a  glass 
Btrasore  tabe  eontaining  tbrm  in  det<-nuioate  proportions.  Applying  the  fiogrer  to  the  orifice  we  next 
removo  it  from  the  trough,  like  a  simple  tube,  and  by  a  little  dextt-rity  trMntf>T  the  gas  into  the  •sealed 
leg  of  tbm  t/plMn.  When  we  conceive  enough  bet  been  }.assed  up,  ihr  finder  is  removed  and  the 
wtMzmy  broag^ht  to  a  level  in  both  legs,  either  by  the  addition  of  a  few  drops,  or  by  the  displacement 
ofapartioo.  by  thrusting  down  into  it  a  small  cylinHt-r  of  wood.  We  now  ascertain,  by  careful 
iaopectioa,  tke  volume  of  included  gas.  Applying  the  fon-finper  again  to  the  orifice,  so  as  also  to 
teach  tbo  ead  of  the  platina  wire,  we  then  approach  the  pendent  bull  or  button  to  the  electrical 
■wiehiae.  aad  traoMnit  a  spark,  but  a  slight  pa»h  or  pressure  on  th<-  tip  of  the  finger  is  fflt,  even 
wbeathe  yatbia  considerable  quantity  and  of  a  strongly  «-xplosive  power.  After  explosion  on 
gradaallj  sliding  tbo  finger  to  one  side  and  t.dmitting  th>  air,  ihe  n>ert-uri>.l  column  in  ihe  se:<led  leg 
will  rioc  8M»re  or  lets  above  that  in  the  other.  The  equilibrium  is  th«'0  rrstored  by  adding  mercury. 
wbea  wo  read  off,  without  any  reda  tion,  the  true  resulting  volume  of  i^ls  As  two  inrh«-:  or  more  of 
oir  tbooU  always  be  left  between  the  finger  and  the  menory,  this  atmospheric  column  serves  as  a 
perfect  reeoiJ  tprinf,  enabling  ut  to  explode  very  lai^e  quantitiev  without  danger. 

We  may  aaalyxe  the  residual  gaseous  matter,  by  introducing,  either  a  liquid  or  solid  ret^gent.  We 
fintfiU  the  open  ie%  aearly  to  the  brim  with  quicksilver,  and  then  place  over  it  t^*-  suhstuocc  who^ 
actioa  oo  the  f  at  we  wiafa  to  try.  If  liquid,  it  may  be  passed  round  into  the  sealed  leic  among  the 
fat;  bat  if  solid  the  gat  BMiit  be  brought  round  into  the  open  leg,  its  orifice  hhtiog  l-een  previously 
citeed  with  a  cork  or  stepper.  After  a  proper  interval  the  gat  having  been  transferred  buck  into  thu 
gtiiaated  tdbo,  the  ebaaye  of  its  volume  may  be  aicurately  detenDin<:d.~Ure*s  Did.  440 — Edin. 
no,  Trmmi.  Itif . 
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anil  Dr  Ilcnry  [Elements^  Vol.  i.  p.  290).  The  former,  Cg. 
104,  consists  uf  a  small  botlle,  holding  about  three  ounces,  into 
wbid)  llie  glass  tube  a,  which  holds  precisely  a  cubic  inch, 
and  is  divided  into  100  equal  parts,  is  carefully  fitted  by  grind- 
ing. It  also  has  a  ground  stopper  at  b.  To  use  it,  the  phial 
is  filled  with  the  solution  of  the  alkaline  sulphuret  (which  is 
best  prepared  by  boiling  a  mixlure  of  quicklime  and  sulphur 
with  water,  filtering  the  solution,  and  agitating  it  for  some 
time  in  a  bottle  half  filled  with  common  air,)  and  the  tube  o, 
containing  the  air  to  be  examined,  fitted  into  its  place.  After 
inverting  and  agitating  the  instrument,  the  stopper  b  may  be 
opened  under  water,  and  the  absorption  is  shown  by  the  rise 
of  the  fluid  in  the  lube.  For  tbe  glass  bottle  Dr  Henry  sub- 
stituted the  elastic  gum  boliie  b,  fig.  105,  in  the  neck  of  which 
a  short  piece  of  glass  tube  is  secured,  into  which  tlie  tube  a  is 
fitted  by  grinding. 

In  the  Philosophical  Traiisaciiojis  for  1807,  Mr  Pepys 
has  described  a  modification  of  this  Eudiometer,  which  may  be 
often  advantageously  employed  in  delicate  experiments,  and  by 
which  an  absorption  of  only  nVr  part  of  the  gas  under  exam- 
ination may  be  measured. 

501.  When  nitric  oxide  gas  and  atmospheric  air  are  mixed, 
there  is  a  production  of  nitrous  acid,  in  consequence  of  the 
union  of  oxygen  with  the  oxide  (430);  and  if  the  mixture  be 
made  over  water,  an  absorption,  proportional  to  the  quantity  of 
nitrous  acid  farmed,  ensues.  Upon  this  principle  nitric  oxide 
may  bo  used  in  eudiomelrical  experiments,  and,  if  proper  pre- 
ciiulions  be  attended  to,  it  furnishen  tolerably  accurate  results. 
Dr  Priestley  and  Mr  Cavendish  {Phil.  Trans.  178.J,)  availed 
themselves  of  this  mode,  and  Mr  Dallon  has  offered  some 
remarks  upon  its  relative  accuracy  {Phil.  Mag.  Vol,  xxviii.] 
The  most  certain  results  are  obtained  by  adding  to  100  parts  of 
the  atmospheric  air,  previously  introduced  into  a  small  beer 
glass,  an  equal  volume  of  nitric  oxide  gas,  The  mixture  may 
be  gently  agiuted,  and  in  iwo  or  three  minutes,  carefully  de- 
canted into  a  graduated  tube,  when  it  will  be  found  that  S4 
measures,  have  disappeared;  of  which  one-fourth,  or  21  mea- 
sures, are  oxygen. 

Sir  H.  Davy  suggested  the  use  of  a  solution  of  sulphate  of 
iron,  impregnated  with  nitric  oxide  gas,  for  the  absorption  of 
oxygen  ;  it  may  he  employed  in  the  same  way  as  the  alkaline 
sulphuret  (500.) 

502.  If  a  stick  of  phosphorus  be  confined  in  a  portion  of  at- 
mospheric air  it  will  slowly  absorb  the  oxygen  present.  The 
rapid  combustion  of  the  same  substance  may  also  be  conveni- 
ently resorted  to.  For  this  purpose  a  small  piece  of  phospho- 
rus may  be  introduced  into  the  bulb  of  the  lube  a,  fig.  106, 
containing  a  given  measure  of  the  air  to  be  examined,  cdnfined 
over  mercury,  which,  to  prevent  loss  by  expansion,  should  be 
suffered  to  oatupy  about  half  the  tube,  or  to  stand  at  b.     The 
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phoqAonis  may  then  be  inflamed  in  the  tube ;  and  when  the 

conbustion  is  over,  and  the  tube  cold,  the  residuary  air  may 

be  transferred  for  measurement.     These  eudiometrical  methods 

were  Qsed  by  Lavoisier,  Berthollet,  and  Seguin   {•^^nna/es  de  or  Lavoisier, 

Chimie^  torn  iz.  and  xxxiv.)  and  are  both  susceptible  of  accu-  ^<^* 

laey,  and  a  loss  of  volume  s21  per  cent,  of  the  atmospheric 

lir  will  invariably  be  found  to  have  occurred.* 

50^  By  experiments  thus  conducted,  it  has  been  found  that 
the  eomposition  of  the  atmosphere  is  extremely  uniform  in  all 
parts  of  the  world,  and  at  all  heights  above  its  surface ;  and 
that  it  consists  of, 

BjT  Mfuure.  "By  Weight. 

Oxygen 21     23,3 

Nitrogen 79     76,7 

100  100,0 

« 

Though  these  are  the  essential  component  parts  of  atmos* 
pheric  air,  it  contains  other  substances,  which,  however,  may 
be  r^arded  as  adventitious,  and  the  quantity  of  which  is  liable 
to  vary  :  of  these,  carbonic  acid  and  aqueous  vapour  are  the 
most  important  and  constant.  The  quantity  of  the  former  may  ciiri>omcacia 
usually  be  considered  as  amounting  to  less  than  \ percent.  *°*'''' 

504.  The  presence  of  aqueous  vapour  in  the  atmosphere  is 
shown  in  a  variety  of  ways,  but  most  easily  by  exposing  to  it  ^.terinair. 
certain  deliquescent  substances  which  liquefy  and  increase  in 
weight,  in  consequence  of  its  absorption  ;  and  as  the  gases  in 
general,  unless  artificially  dried,  also  contain  vapour  of  water, 
it  is  necessary,  in  delicate  experiments,  and  in  ascertaining  their 
specific  gravity,  to  take  this  ingredient  into  the  account,  or  to 
separate  it  by  proper  means,  such  as  exposure  to  very  deliques- 
cent substances,  among  which  fused  chloride  of  calcium  is  espe- 
cially useful.  '^ 

The  quantity  of  water  contained  in  air  and  gases  is  subject 
to  variation.  From  the  experiments  of  Saussure  and  Dalton, 
it  appears  that  100  cubic  inches  of  atmospheric  air  at  57^,  are 
capable  of  retaining  0,35  grains  of  watery  vapour  ;  in  this  state 
the  air  may  be  considered  at  its  maximum  of  humidity  :  it 
would  also  appear  that  all  the  gases  take  up  the  same  quantity 
of  water  when  under  similar  circumstances,  and  that  it  conse- 
quently depends,  not  upon  the  density  or  composition,  but  upon 
the  bulk  of  the  gaseous  fluid. 

We  are  indebted  to  Mr  Dalton  for  some  valuable  information 
respecting  the  state  in  which  water  exists  in  air ;  from  which 
it  may  be  concluded  that  it  is  in  the  state  of  vapour,  forming 
an  independent  atmosphere,  mixed,  but  not  combined  with,  or 
dissolved  in  the  air. 

*  Siacc  ikm  dbeoverj  of  ProfcMor  Dcebereiof  r.  that  platinam  spoDfi:e  cause ■  the  anino  of  hydrogen 
•ad  osygca^mMS  (336),  it  ha»  been  applied  to  the  pur|H>set  of  Ku<iioin«rtry.  The  tinelv  divided  pla- 
tiMm  bfliof  formed  into  tnmll  bull!  with  dav,  and  pn-^dap  ictn  small  graduateo  tubes  contninio^ 
the  air  1o  b«  ciaaiiaed.  over  mereufj.  (S«e,  Boston  Jour,  of  Pbiloiofhy  &c.  ^'ol.  i.  p.  5t8,  ii-  MO, 
iii.  15.) 
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505.  Hygroscopes  and  Hygrometers  are  instruments  which 
show  the  presence  of  water  in  the  air,  its  variation  in  quantity, 
and  its  actual  quantity  existing  in  a  given  huik  of  air  at  any- 
given  time.  Saussure  employs  a  human  hair,  which,  hy  its 
dilatations  and  contractions  in  moisture  and  drj'ness,  is  made 
to  turn  an  index  ;  Delur  used  a  thim  strip  of  whalebone  in  the 
same  way;  Wilson  employed  a  rat's  bladder,  which  is  filled 
with  mereurj',  and  lied  on  a  large  thermometer  tube,  and  by  its 
dilatation  and  contraction  causes  the  mercury  to  fall  and  rise  in 
the  tube,  and  thus  to  indicate  changes  in  the  moislure  of  the  air. 
Mr  Daniell  has  constructed  a  hygrometer,  which  shows  the  con- 
stituent temperature  of  tlie  moisture  in  tlie  atmosphere,  by  its 
precipitation  upon  a  cold  surface ;  comparing  this  with  the  tem- 
perature of  the  atmosphere,  the  difference  furnishes  a  datum  for 
calculating  the  quantity  of  vapour  in  a  given  quantity  of  air, 
and  affords  indications  usefully  applicable  to  predicting  change 
of  weather.     See  Quarterly  Jour,  of  Science,  Vols.  viii.  ix.  x. 


Section  III.     Sulphur. 

506.  Sulphur,  or  brimstone,  is  a  brittle  substance,  of  a  pale 
yellow  colour;  insipid  and  inodorous,  but  c\haling  a  peculiar 
smell  when  heated.  Its  specific  gravity  is  1,990.*  It  becomes 
negatively  electrical  by  heat  and  by  friction. 

Sulphur  is  principally  a  mineral  product,  and  occurs  crystal- 
lized, its  primitive  form  being  a  very  acute  octoedron  with  an 
oblique  base,     Its  crystals  are  in  a  high  degree  doubly  refractive. 

507.  When  sulphur  is  heated  to  about  180°,  it  volatilizes, 
and  ils  peculiar  odour  is  strong  and  disagreeable;  at  225'  it 
liquefies;  between  350°  and  400°  it  becomes  viscid,  and  of  a 
deep  brown  colour;  and  at  about  600°  it  quickly  sublimes. 
When  slowly  cooled  after  fusion,  it  forms  a  fibrous  crystalline 
mass.  It  suffers  no  change  by  exposure  to  air,  and  is  insoluble 
in  water. 

508.  Sublimed  sulphur,  when  examined  by  a  microscope  ap- 
pears composed  of  minute  crystals;  it  is  always  slightly  sour, 
and  hence,  for  some  pharmaceutical  purposes,  is  directed  to  be 
washed  in  hot  water, 

509.  Massive  sulphur  is  chiefly  brought  to  this  country  from 
-  Sicily ;  it  occurs  native,  and  is  found  associated  with  sulphate  of 

lime,  sulphate  of  slronlia,  and  carbonate  of  lime.  Its  colour  is 
various  shades  of  yellow,  and  the  transparent  crystals  are  doubly 
refractive;  it  is  not  uncommon  among  volcanic  products. 

510.  Roll-sulphur  is  chiefly  obtained  from  sulphuret  of  cop- 
per in  this  country  (Eng.);  which  is  roasted  and  the  fumes  receiv- 
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ed  into  a  long  chamber  of  brick-work,  where  the  sulphur  is  grad- 
oilly  deposited :  it  is  then  purified  by  fusion,  and  cast  into 
sticks.  In  this  state,  if  grasped  by  the  warm  hand,  it  splits  with 
a  crackling  noise. 

511.  Though  it  had  already  been  suspected,  (chiefly  from  the  Contaiof 
experiments  of  M.  Berthollet,jun.)  that  sulphur  contains  hydro-  ^^y**^""' 
g^,  yet  the  first   unequivocal  evidence  of  the  fact  was  fur- 
nished by  Sir  H.  Davy.     A  bent  glass  tube,  having  a  platinum 

wire  hermetically  sealed  into  its  upper  extremity,  was  filled 
with  sulphur.  The  sulphur  was  melted  by  heat ;  and  a  proper 
connection  being  made  with  the  Voltaic  apparatus  of  500  double 
plates,  each  six  inches  square  and  highly  charged,  a  most  intense 
action  took  place.  A  very  brilliant  light  was  emitted ;  the  sul- 
phur soon  entered  into  ebullition ;  elastic  matter  was  evolved  in 
great  quantities ;  and  the  sulphur,  from  being  a  pure  yellow, 
became  of  a  dark  reddish  brown  tint.  The  gas  was  found  to 
be  sulphuretted  hydrogen,  or  hydrogen  gas  holding  sulphur  in 
solution ;  and  its  quantity,  in  about  two  hours,  was  more  than 
five  times  the  volume  of  the  sulphur  employed. 

Another  proof  of  the  presence  of  hydrogen  in  sulphur  is  de- 
rived from  the  action  of  potassium ;  for  these  two  bodies  com- 
bine with  great  energy,  and  evolve  sulphuretted  hydrogen,  with 
intense  heat  and  light. 

Lastly,  when  dry  sulphur  is  melted  in  dry  oxygen  gas.  Sir  H. 
Davy  is  ^of  opinion,  that,  besides  sulphuric  acid,  a  portion  of 
water  is^also  formed ;  but  he  is  still  doubtful  whether  the  hydro- 
gen in  sulphur  can  be  considered  as  any  thing  more  than  an 
accidental  ingredient.  This  view  of  the  subject  is  embraced, 
also,  by  Berzelius,  who  found  by  heating  sulphur  with  oxide  of 
lead,  that  the  quantity  of  water  produced  is  much  too  minute  to 
indicate  any  definite  proportion  of  hydrogen  in  sulphur. 

512.  Another  ingredient  of  sulphur,  it  appeared  probable  from  p^obabi  oxr- 
the  experiments  of  Sir  H.  Davy,  is  oxygen.     For  potassium,  gen. 
after  being  made  to  act  on  sulphuretted  hydrogen  gas,  evolved 

less  hydrogen  from  water,  than  it  ought  to  have  done.  It  has 
since,  however,  been  proved  by  Gay-Lussac,  that,  when  all 
sources  of  fallacy  are  avoided,  a  given  weight  of  potassium, 
which  has  been  exposed  to  sulphuretted  hydrogen,  separates 
exactly  the  same  volume  of  hydrogen  gas  from  water,  as  an  equal 
weight  of  recent  metal.  Potassium,  therefore,  acquires  no  oxy- 
gen from  the  sulphur,  which  is  contained  in  sulphuretted  hy- 
drogen.    H.  1.  373. 

513.  For  some  pharmaceutical  purposes  sulphur  is  prccipi- 
tited  from  its  alkaline  solutions,  as  from  sulphuret  of  potassa  by  phur. 
an  acid,  and,  when  washed  and  dried,  is  in  the  form  of  a  yel- 
lowish-grey impalpable  powder  ;  it  is  the  milk  of  sulphur  and 
precipitated  sulphur  of  the  Pharmacopoeia.  Dr  Thomson  con- 
siders it  as  a  compound  of  sulphur  and  water. — System  of 
Chem.  Vol.  i.  285. 
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To  a  portion  of  water  saturated  wiib  sulphurous  acid  gu  aH 
a  little  oxide  of  manganese,  a  substance  that  contains  nuicb 
oxygen  loosely  combined,  the  pungent  smell  of  the  water,  uul 
the  other  chuj-actei istics  of  sulphurous  acid  will  soon  disappear. 
H.I.  385. 

523.  When  sulphurous  acid  is  mixed  in  equal  volume  witfr 
ammonia,  a  yellowish  salt  is  produced,  which  is  a  sulphite  qf 
ammonia,  and  which  consists  of  32  sulphurous  acid -f- 17  am- 
monia.  When  formed  by  saturating  liquid  ammonia  with  sul- 
phurous acid,  it  crystallizes  in  four  and  six-sided  prisms,  solu- 
ble in  their  own  weight  of  water  and  having  an  acrid  taste.  It 
is  deliquescent,  and  becomes  a  sulphate  by  exposure  to  air. 

£34,  Anhydrous  Sulphurous  >/9cid,  has  been  obtained  faf 
M.  Bussy  of  Paris  who  has  given  the  following  directions  for^     < 
preparation. 

525.  Equal  parts  of  mercury  and  sulphuric  acid  are  put  into 
a  small  matrass,  which  is  connected  with  a  receiver  having* 
long  tube  passing  into  a  small  flask.  The  receiver  is  to  be  sui> 
rounded  with  melting  ice,  in  order  to  condense  the  water  which 
passes  over  with  the  gas.  The  tube  is  filled  with  fragments  itf 
fused  muriate  of  lime,  to  absorb  any  aqueous  vapour  which  rnxf 
not  have  been  condensed  in  the  receiver.  The  flask  should 
also  be  surrounded  with  melting  ice  or  a  freezing  mixture.  At 
the  acid  passes  over  it  is  condensed  In  the  flask  and  appean 
in  the  liquid  stale. 

526,  When  obtained  in  this  manner  the  liquid  sulphuroui 
acid  has  the  following  properties.  It  is  colourless,  transparent, 
of  the  specific  gravity  of  about  1,45,  and  it  boils  at  the  tempera- 
ture of  14°  F. 

537.  When  poured  on  the  hand  it  produces  a  sharp  cold,  and 
completely  evaporates.  If  poured,  drop  by  drop,  into  water,  at 
the  ordinary  temperature  it  occasions  a  species  of  effervescence, 
owing  to  the  volatilization  of  pari  of  the  acid,  and  the  surface  of 
the  water  is  covered  with  ice. 

With  this  acid  Mr  Bussy  has  found  it  easy  to  freeze  mercury. 
The  mercury  is  to  be  placed  in  a  watch  glass  on  the  plate  of 
the  air  pump,  and  the  acid  being  added  the  receiver  is  quickly 
placed  over  it  and  exhausted  (140).  From  20  to  30  grains  of 
mercury  and  as  much  acid  may  be  employed. 

Mr  Bussy  has  also  succeeded  in  freezing  ether  and  alcohol ; 
small  balls  being  filled  with  these  liquids,  which  after  being 
surrounded  with  cotton  and  moistened  with  the  sulphurous  acid, 
were  placed  under  the  receiver  of  the  air  pump,  the  acid  being 
rapidly  evaporated. 

523.  It  has  also  been  applied  to  the  liquefaction  of  chlorine 
and  several  other  gases.  (See  Boston  Journal  of  Philosophy, 
Vol.  ii.  359.) 

529.  Sulphuric  ^cid. — This  body  was  formerly  obtaine<l  by 
the  distillation  of  green  vitriol,  and  called  oil  of  vitriol.     It  is 


k 


A 


STTLPHtTRIC   ACID.  151 

now  procured  in  this  country  by  burning  a  mixture  of  about  8 
parts  of  sulphur  and  1  of  nitre  in  close  leaden  chambers  contain- 
ing waiter,  by  which  the  fumes  produced  are  absorbed,  and  by 
evaporation  the  acid  is  procured  in  a  more  concentrated  state* 
This  improved  method  of  preparing  sulphuric  acid  was  invent- 
ed by  Dr  Roebuck,  about  the  year  1746. — Parkes's  Chemical 
EssaySj  Vol,  ii. — Brande's  Prefatory  History  of  Chemistry ^ 
Vol.  i.  p.  36.  Sulphuric  acid  has  been  known  ever  since  the 
time  of  Basil  Valentine,  who  appears  to  have  discovered  it  about 
the  close  of  the  15th  century. 

530.  Sulphuric  acid,  as  usually  met  with,  is  a  limpid  colour-  p^  ^^ 
less  fluid,  having  a  specific  gravity  of  1,80 ;  it  boils  at  620°,  and    ^^  *^ 
freezes  at  15°,  contracting  at  the  same  time  considerably  in  its 
dimensions.      But  the  temperature  at  which  the  diluted  acid 
congeals  is  singularly  modified  by  the  quantity  of  water  which 

it  eontains.  At  the  specific  sravity  of  1,78  it  freezes  at  about 
40^;  but  if  the  density  be  either  increased  or  diminished,  a 
greater  cold  is  reauired  for  its  congelation  (Keir,  Irish  Phil. 
Trans,  iv.  88.)  Its  boiling  point  diminishes  with  its  dilution ; 
acid  of  the  specific  gravity  of  1,78,  boils  at  435^,  and  acid  of 
the  specific  gravity  of  1,650  boils  at  350°. — D Alton's  Chem. 
PhiL  iL  404. 

It  is  acrid  and  caustic,  and  when  diluted  with  water,  produces 
a  very  sour  liquid.  It  rapidly  abs6rbs  water  from  the  atmos- 
phere. "When  mixed  suddenly  with  water,  (42)  considerable 
heat  is  produced.  Four  parts,  by  weight,  of  concentrated  sul- 
phuric acid,  and  one  of  water,  when  mixed  together,  each  at 
the  temperature  of  50°  Fahrenheit,  have  their  temperature  rais- 
ed to  300°.  The  greatest  elevation  of  temperature,  Dr  Ure 
finds  to  be  occasioned  by  the  sudden  mixture  of  73  parts  by 
weight  of  strong  sulphuric  acid  with  27  of  water.  This  rise  of 
temperature  takes  place  because  the  affinity  or  capacity  of  the 
compound  of  acid  and  water  for  caloric,  is  less  than  that  of  the 
acid  and  water  separately.  A  diminution  of  bulk  also  ensues ; 
one  measure  of  acid  and  one  of  water  not  occupying  the  space 
of  two  measures,  but  about  y^th  less.     H. 

531.  Even  a  boiling  temperature,  when  it  is  concentrated,  i„|,a,„„^i^ 
does  not  prevent  its  tauLing  up  moisture  from  the  air ;  hence  it  tare. 
cannot  be  concentrated  so  well  in  an  open  as  in  a  close  vessel, 

on  which  account  retorts,  of  glass  or  platinum,  are  used  for  the 
last  stage  of  its  concentration  by  the  manufacturers. 

532.  It  chars  animal  and  vegetable  substances,  and  is  apt 
to  acquire  a  brown  tinge  from  any  small  particles  of  straw, 
resin,  or  other  matters  that  may  accidentally  have  fallen  in- 
to it 

533.  In  sulphuric  acid  1  proportional  of  sulphur  =  16,  is  com-  CompottUo*. 
bined  with  3  of  oxygen  =  24,  and,  consequently,  dry  sulphuric 

acid  is  correctly  represented  by  16  +  24  =  40;  but  it  only  exists 
in  this  state  (like  the  nitric  and  chloric  acids)  when  united  with 


bases,  and  in  its  orilinary  stale  contains  water,  and  may,  there- 
fore, be  called  hydrattd sulphuric  Jlcid.  It  has  been  found  by 
experiment,  that  100  parts  of  sulphuric  acid,  specific  gravity 
1,85,  contain  18,5  of  water;  consequently',  it  may  be  looked 
upon  as  composed  of  1  sulp]iur+  3  oxygen  +  1  water : 

Or  of  16    sulphur 
24    oxygen 

9     water 

49    number  for  liquid  sulphuric  acid. 

100  Parts  of  liquid  sulphuric  acid,  of  the  specific  gravity  of 
1,3530,  contain  37,5  parts  of  dry  sulphuric  acid;  or  46  of  liquid 
acid,  of  the  specific  gravity  1,85. 

The  following  table  exhibits  the  proportions  of  the  elements 
of  sulphuric  acid  in  100  parts  of  real  acid,  deduced  from  difiiir- 
ent  experiments. 


From  the  experiments  of  Berlhollet     . 

.     43,23     . 

.     56,7l 

Kiaproth  .    . 

.     42,20     . 

.     57,80 

Bucholz    .   . 

.     42,50     . 

.     57,50 

Bcrzelius 

.     39.92     . 

.     60.08 

Proportions  admitted  by  Dr  Wollaston  . 

.     40,00     . 

.     60,00 

H.  1.  381. 

534.  The  strength  of  sulphuric  acid  is  best  judged  of  by  sstio^ 
;-  ating  a  known  quantity  with  an  alkali,  and  it  may  be  assumed 

OS  suiRcienlly  correct,  that  100  grains  of  dry  sub-carbosate  of 
soda  neutralize  92  grains  of  pure  liquid  sulphuric  acid  j  or  that 
100  grains  of  the  acid  require  108,  or  108,5  of  the  subcarbonale 
for  saturation.  H.  Mr  Datton  has  published  {New  System  qf 
Chemical  Philosophy.  Vol.  ii.  p.  404,)  a  Table,  exhibiting  the 
specific  gravity  and  boiling  point  of  tlie  acid  of  various  strengtha.* 
See  Tables. 

Dr  Ure  also  has  given  several  valuable  tables  relating  to  this 
subject,  in  his  Experiments  io  determine  the  Law  t^  Progres- 
sion, followed  in  the  Density  of  Sulphuric  -Acid  at  different 
Degrees  of  Dilution  (Quarterly  Journal  of  Science  and  the 
i^rts.  Vol,  iv.  p.  114.  An  extremely  useful  table  of  this  kind 
will  also  be  found  in  Mr  Parkes's  Essays  above  quoted  (Vol, 
ii.  p.  444.) 

535.  Sulphurous  acid  gas  is  condensed  into  Sulphuric  acid  by 
admixture  with  chlorine  gas ;  but  not  unless  the  gases  are  in  con* 
tact  with  water.     In  the  latter  case,  the  hydrogen  of  the  water 
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uniles  with  the  chlorine,  and  the  oxygen  with  the  sulphurous 
acid. 

536.  Dry  nitrous  acid  gas  is  also  ineflicient  on  dry  sulphurous 

acid ;  but  when  placed  in  contact  with  a  small  quantity  of  water,  ^oi  affertea 
all  these  bodies  act  mutually  and  rapidly  on  each  other;  the  by^h'nit"'" 
nitrous  acid  gas  yields  a  portion  of  its  oxygen  to  the  sulphurous 
acid,  from  whence  result  nitrous  gas  and  sulphuric  acid,  which, 
both  combining  with  water,  form  white  flakes  upon  the  inside  of 
the  balloon.  These  flakes  are  majle  up  of  congeries  of  small 
crystalline  needles.  Water,  brought  into  contact  with  these 
crystals,  dissolves  the  sulphuric  acid,  and  the  nitrous  gas  is  lib- 
erated with  effervescence.  By  means,  therefore,  of  a  small 
quantity  of  nitrous  gas,  we  may  transform  a  large  quantity  of 
sulphurous  acid  into  sulphuric  acid,  provided  the  acid  gas  be 
mingled  with  half  its  volume  of  oxygen,  or  with  an  equivalent 
quantity  of  atmospheric  air.  The  phenomena  are  beautifully  ^• 
exhibited  by  admitting,  into  an  exhausted  and  dry  glass  balloon, 
first  30  measures  of  sulphurous  acid,  next  15  of  oxygen,  and 
then  5  of  nitrous  gas.  No  perceptible  change  takes  place,  till 
a  little  water  is  introduced,  sufficient  to  moisten  the  inside  of 
the  vessel,  when  the  small  quantity  of  red  nitrous  acid,  formed 
OD  adding  the  nitrous  gas,  disappears,  and  composes  the  crys- 
talline substance  already  described.  When  those  crystals  have 
been  deposited  on  the  inside  of  the  balloon,  and  a  small  quan- 
tity more  of  water  is  admitted,  there  is  an  immediate  effer- 
vescence from  the  escape  of  nitrous  gas,  which,  meeting  with 
oxygen  gas,  again  becomes  nitrous  acid,  and  this,  acting  upon 
the  sulphurous  acid,  the  same  combinations  ensue  as  before,  and 
may  be  repeated  as  long  as  sufficient  sulphurous  acid  and  oxy-> 
gen  remain. 

537.  It  is  by  a  series  of  operations  of  this  kind,  that  the  for-  Th^or^ofthe 
mation  of  sulphuric  acid  is  effected  in  the  ordinary  process  for  lui^|,V'°"  ^ 
preparing  it.     The  nitric  acid,  present  in  the  salt-petre,  aban-  •"**• 
dons  part  of  its  oxygen  to  one  portion  of  the  sulphur,  which, 
becoming  sulphuric  acid,  unites  with  the  potash  of  the  nitre. 
At  the  same  moment  nitrous  gas  is  set  at  liberty,  which,  with 
the  oxygen  present  in  the  air  of  the  chamber,  composes  nitrous 
acid   gas.     Another  portion  of  sulphur  is  converted  into  sul- 
phurous acid,  which  becomes  sulphuric  acid  by  depriving  the 
nitrous  acid  of  oxygen,  the  latter  acid  being  brought  back  to  the 
sttte  of  nitrous  g^as.     This  gas,  absorbing  the  atmospheric  oxy- 
gen, again  becomes  nitrous  acid,  which  changes  a  fresh  portion 
of  sulphurous  into  sulphuric  acid.     This  theory  was  first  sug- 
gested by  M.  M.  Clement  and  Desormes.     It  has  since  been 
modified  by  Gay-Lussac,  who  supposes  that  nitrous  acid,  and  not 
nitrous  gas,  is  disengaged  from  nitrate  of  potash.     But  even  if 
this  be  admitted,  the  subsequent  steps  of  the  process  are  still 
explicable  on  the  original  theory,  which  satisfactorily  explains 
why  so  small  a  proportion  of  nitre  as  one  eighth  is  adequate  to 
the  conversion  of  sulphur  into  sulphuuc  acidj  though,  capable 
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of  supplying  only  a  very  small  share  of  the  oxygen  essential  t 
this  change.*     H.  1.  386« 

*  The  formation  of  tulphuiic  acid  hj  the  eonbostion  of  mlphv  aa^  mtre  baa  beea  allastratcd  I 
Mr  BraiMle  aa  foUowi. 

Salpburow  aci*^  consists  of 


Sulpbor  Taponr 
16 

Oxygen 

8 

16.= 


Sriphofwis  acid 
33 


And  mtroiis  acid  cuotains 


Nitn^ea 
14 

Oxjft.n 
8. 

8. 

8. 

8. 

>8^;  = 


Nitrous  Acid 


henee  trtrj  two  portions  of  salpbnnns  »cid  nqnire  on*  of  nitrous  acid,  wbicb  traosfan tw of asy* 
fan,  and  pass**  back  into  tbe  state  of  nitric  oxide,  sulpboric  acid  being ,  at  tbe  sajna  tiaac,  prodaecA 
Tbe  gases,  tberefora,  before  decoopoution,  naj  be  tbvs  represented : 


16 


16 


32 


16 

Yanoorof 
soipbar. 

Oxygen 
8. 

8. 

16 

Vapour  of  . 
sulpbor. 

8. 

8. 

Nitrogen 
14 

Ozrgea 
8. 

8, 

8. 

8. 

V 

Sulphnrous  acid. 
And  after  decomposition  as  follows  : 


^ 

Nitrons  acid  gas. 


Solpbur  raponr 
16 

Oxjgen 
8. 

8. 

8. 

Solpbur  rapour 
16 

Ojjygen 

8. 

8. 

84 


^24 


Nitrogen 
14 

OxTgea 

8. 

1 

I- 


.-^ 


Nitric  oxide. 


Solphorie  acid. 
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5S8.  The  decomposition  of  sulphuric  acid  maybe  effected  by  ^naWsMof 
patting  it  through  a  red-hot  platinum  tube,  when  it  is  resolved  "'/d.'""*^ 
ioto  sulphurous  acid,  oxygen  and  water. 

When  heated  with  charcoal,  sulphuric  acid  gives  rise  to  the 
production  of  carbonic  and  sulphurous  acids ;  with  phosphorus  it 
produces  phosphoric  and  sulphurous  acids  ;  and,  with  sulphur, 
sulphurous  acid  is  the  only  product.  It  is  decomposed  by 
several  of  the  metals,  which  become  oxidized,  and  evolve  sul- 
phurous acid,  as  shown  in  the  production  of  this  acid,  by  boiling 
sulphuric  acid  with  mercury  (525),  tin  lead,  fyc. 

539.  Sulphuric  acid  is  largely  consumed  in  a  variety  of  man- 
ufactures. It  is  used  by  the  makers  of  nitric,  muriatic,  citric, 
and  tartaric  acids  ;  by  bleachers,  dyers,  tin-plate  makers,  brass- 
founders  and  gilders.  For  these  purposes  it  is  generally  sufii- 
ciently  pure  as  it  comes  from  the  wholesale  manufacturer ;  but, 
as  traces  of  lead,  lime,  and  potassa,  are  usually  found  in  it,  it 
often  requires  to  be  purified  by  distillation  for  the  use  of  the 
experimental  chemist. 

The  distillation  of  this  acid  in  glass  retorts  requires  some  pre-  ^'''["jJi'*'*^ 
caution,  in  consequence  of  the  violent  jerks  which  the  produc-  »»^^'J ; 
tion  of  its  vapour  occasions,  and  which  often  break  the  vessel ; 
this  may  be  prevented  by  putting  some  strips  of  platinum  into 
the  acid ;  it  then  boils  quietly,  and  it  is  only  necessary  to  take 
care  that  the  neck  of  the  retort  and  the  receiver  are  not  broken 
in  consequence  of  the  hi^h  temperature  of  the  condensing  acid. 

If  the  acid  of  commerce  contain  dissolved  sulphate  of  lead,  it  PorifieBtion 
becomes  turbid  on   dilution,  so  that  its  remaining  clear  when  ° ' 
mixed  with  water,  is  some  proof  of  its  purity,  as  far  at  least  as 
lead  is  concerned. 

To  purify  sulphuric  acid,  it  must  be  distilled  In  a  glass  retort, 
placed  in  the  sand-bed  of  a  reverberatory  furnace.  This  process 
requires  considerable  care.  But  to  those  who  have  sufficient 
experience  in  chemical  operations,  the  following  instructions 
may  be  useful ;  especially  as  it  is  indispensable,  in  all  experi- 
ments of  research,  to  employ  an  acid  purified  by  distillation. 

The  furnace  in  which  this  process  is  conducted,  should  have 
a  contrivance  for  supporting  a  sand-bath  within  it  at  a  proper 
height ;  and  an  opening  in  the  side,  for  transmitting  the  neck 
of  the  retort.  The  retort  must  be  coated  with  clay  and  sand 
over  its  whole  body,  and  also  over  that  part  of  the  neck  which 
is  exposed  to  the  fire.  It  is  then  to  be  placed,  the  costing  be- 
ing previously  dry,  in  the  sand-bath,  about  one  half  filled  with 
sulphuric  acid ;  and  a  receiver  must  be  applied,  but  not  luted 
on.  The  fire  must  now  be  lighted,  and  raised  with  extreme 
caution.  The  first  portion  that  comes  over,  amounting  to  about 
one  sixth,  consists  chiefly  of  water,  and  may  be  rejected.  This 
is  followed  by  the  concentmted  acid ;  and,  at  this  period,  ther3 
is  great  risk  that  the  neck  of  the  retort  will  be  broken,  by  the 
intact  of  the  condensed  acid,  which  has  a  very  high  tempera- 
ture, and  which  frequently  cracks  the  glass,  as  efiectually  as  the 
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application  of  a  red-hot  iron.  The  fire  must  be  regulated  by 
the  register  door  of  the  ash  pit,  so  that  several  seconds  may 
elapse  between  the  fall  of  the  drops  into  the  receiver.  The 
process  may  be  continued  as  long  as  any  acid  is  condensed. 
The  retorts  employed  for  this  purpose,  should  be  most  atten- 
tively annealed. 

540.  The  difficulty  of  rectifying  sulphuric  acid  is  much  dimin- 
ished by  using  a  retort  of  the  capacity  of  from  two  to  four  quarts, 
when  a  pint  of  the  acid  is  employed,  and  by  connecting  its  neck 
with  the  receiver  by  means  of  an  adopter  three  or  four  feet 
long.  The  retort  may  be  set  over  a  charcoal  fire,  and  the  flame 
made  to  play  gently  on  its  bottom.  No  luting  is  to  be  employ- 
ed, and  the  receiver  is  to  be  surrounded  with  cold  water. 
With  this  arrangement,  and  a  cautious  regulation  of  the  heat, 
Dr  Ure  finds  that  sulphuric  acid  may  be  distilled  without  mucb 
risk,  in  a  continuous  gentle  stream. 

541.  Sulphuric  acid  may  be  less  perfectly  purified  by  dilut- 
ing it  with  an  equal  weight  of  water,  allowing  the  impurities 
to  settle,  decanting  the  clear  liquor  and  evaporating  it  to  the 
proper  degree  in  a  glass  retort.     H.  1.  379. 

gipcirI  sni  ^^^'  When  sulphuric  acid  was  procured  by  the  distillation  of 
pburicMcui.  green  vitriol,  it  was  frequently  observed  that  a  portion  con- 
creted into  a  white  mass  of  radiated  crystals.  The  same  sub- 
stance has  also  been  remarked  as  occasionally  formed  in  the 
acid  of  the  Kn£:lish  manufacturers.  It  has  been  called  gheial 
or  fuming  sulphuric  acid,  and  is  by  Dr  Thomson  considered 
as  the  pure  or  anhydrous  acid  ;  it  appears,  however,  probable, 
that  it  consists  of  sulphuric  acid,  combined  with  a  portion  of 
sulphurous  acid. — See  Sulphate  of  Iron. 

513.  It  has  long  been  an  olject  with  the  manufacturer  to 
obtain  sulphuric  acid  without  the  aid  of  nitre,  and  a  patent  has 
been  obtained  for  a  process  of  this  kind,  invented  by  Mr  Hill. 
It  consists  in  submitung  coarsely-powdered  iron  pyrites (sulphu- 
ret  of  iron,)  to  a  red  heat,  in  cylinders  communicating  with  a 
leaden  chamber  containing  water  ;  the  sulphur,  as  it  burns  out 
of  the  pyrites,  appears  at  once  to  pass  into  Uie  state  of  sulphuric 
acid. 

544.  Native  Sulphuric  Acid  has  been  found  by  Professor 
Baldassari,  in  the  cavities  of  a  small  volcanic  hill,  called  Zoco- 
lino,  near  Sienna,  and  by  M.  Humboldt  in  the  water  of  the 
river  Vinagre  in  the  Andes  of  Popayan.  (See  Boston  Jour, 
of  Philos.  Vol.  11.  p.  460). 
iTrro-sui-  545.  Of  Hypo-sulphurous  Acid. — This  acid  exists  only 
pi.un,u.  ^c:d  .^  combination  with  salifiable  bases,  forming  compounds 
which  were  first  examined  in  1813  by  Gay-Lussac,  and  were 
called  by  him  sulphuretted  sulphites.  Besides  other  methods 
of  preparing  these  salts,  he  found  ^.hat  they  might  be  obtained 
by  digesting  the  solution  of  a  sulphite  with  sulphur,  an  addi- 
tional quantity  of  which  might  thus  be  made  to  combine  with 
the  sulphurous  acid.     It  had  also  been  long  ago  observed  by 


m.  157 

Ur  Hi^ios  of  DaUin.  thit  liquid  nlphanMis  teid  dissolm 
iron  nithout  eftrraeeDn;  and  Berthollet  iftenrards  showed 
tiul  in  Uiis  can  the  iroB  ia  oxidized  at  the  enence  of  the 
Biljibunius  acid,  utd  thai  aolphur  is  dise&Kagea.  which  in- 
iKdiatelf  uniisa  with  the  sulpljjte  of  iroo.  farming;  a  sulphii- 
Wted  sulpiiiie.  Drllioiiuonappean  to  have  been  the  first  who 
look  a  just  vie*  of  these  pheoomena.  The  new  eoiopound  he 
ibund  lo  be  a  neutn)  salt,  conlaiDing  a  pecalisr  acid  of  sulphur, 
to  which  he  ^tre  the  name  of  hypo-tuMurou»  add,  and  to 
iU  compounds  that  of  hjfpo-tufyhitra.  These  compounds  have 
been  since  examined  with  great  ability  by  Mr  Henchell,  who 
ha§  noL  however,  sueeeed^  completely  in  his  attempt  to  ex- 
hibit the  Hciil  is  «  separate  stale ;  nor  indeed  does  it  appesr 
upble  of  existing  permanently  when  uncombioed  with  a  base. 
From  the  experiments  of  Dr  Thomson  and  Mr  Henehell,  it 
Bijr  be  inferred  to  be  a  compound  of  1  atom  of  sulphur  + 1  atom  •^~»^'"" 
of  oxT«;en,  and  its  represenialiTe  number  will  be  16 -f- 8  =24. 

5*6.  Hf/po-iufykurie  ^cid. — This  acid  was  discorcred  by  ^KTi*. 
Welter  aitd  Gay-Luasac.  Their  process  for  forming  it  coosists 
in  passing  a  current  of  sulphurous  acid  through  water,  in  which 
finely  powderiid  peroxide  of  manganese '  is  Kept  mechanically 
ittspended.  There  is  immediately  produced  a  perfectly  neotral 
•oluiioa.  consiitiog  of  hypo-sulphste  and  common  sulphate  of 
mangsnesc.  When  the  solution  is  sufficiently  concentrated,  pure 
barnes  is  uddcd  to  the  previously  heated  liquor,  and  agitated 
aloQ^  nith  it,  liking  care  to  employ  an  excess  of  the  earth.  All 
Uw  aaide  o£  man^nese  is  thus  separated  ;  and,  sulphate  of 
baiytes  being  insoluble,  the  filtered  liquor  contains  only  the 
hypo-sulphate  of  barytes  and  also  the  redundant  portion  of  that 
earth.  The  latter  is  to  be  separated  by  a  stream  of  carbonic 
aeid,  and  subsequent  ebulliiion  to  expel  any  excess  of  carbonic 
acid.  The  hypo-aulphdte  is  then  to  be  crystallized,  dissolved 
in  water,  and  decomposed  by  just  the  quantity  of  sulphuric 
aeid,  which  is  required  to  precipitate  the  barytes.  The  filtered 
liquor  is  lo  be  concentrated,  by  exposing  it  under  the  exhausted 
receiver  of.  an  air-pump,  along  with  a  vessel  of  sulphuric  acid, 
till  it  has  atuined  the  density  of  1,347.  If  continued  to  be 
exposed,  it  is  resolved  into  sulphurous  acid  which  exhales,  and 
niphuric  acid  which  remains  liquid.     H.  1.  3Sd. 

547.  Oxyg'^ngas.atmosphericair. chlorine,  concentrated  nitric  ji,,^tri,>f 
leid.  and  red  sulphate  of  manganese,  are  all  inert  on  it  at  com-  mbjaiy^,.., 
mon  temperatures.  Zinc  is  dissolved  by  it,  and  hydrogen  gas 
is  disengaged  by  the  decomposition  of  water,  and  their  remains 
in  aolution  hypo-sulphuric  acid  combined  with  oxide  of  zinc. 
It  completely  saturates  salifiable  bases,  and  affords  neutral  and 
soluble  compounds  with  barytes,  strontites,  lime,  and  protoxide 
of  lead ;  whereas  sulphuric  acid  yields  insoluble  compautids 
with  all  those  bases.  At  common  temperatures  these  salts  are 
permanenL  but,  when  heated  sulphurous  acid  escapes,  and  they 
pass  to  the  state  of  sulphates,  which  are  still  neutral. 
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548.  Hypo-sul|il 


e  composed 


blimation  from 
by  Ihis 


d  lias  lieen  inferred  I 
25  oxyfren,  selling  ap 
is  in  the  waler  esscnlial  to  ils  existence  ;  or  we  may  consider  it 
as  a  coinpouniigf  100  parlsofsiilpliurous  acid -}■  1^5  of  sulphuric. 
H.  390, 

S'ly.  When  sulphuric  acid  is  dropped  inlo  a  concenlralvd  and 
hot  solution  of  iodic  acid,  a  peculiar  compound  is  formed,  which 
may  be  termed  iodo-sulphuric  acid;  it  is  yellow,  fusible,  and 
crystallizes  on  cooling  in  rhomboids  ;  at  a  higher  temperature 
it  partly  sublimes,  and  is  partly  decomposed.  Its  precise  com- 
position is  unknown. 

550.  Sulphuric  .^cid  and  ,/lmmonia — Stilphale  of  Amtno- 
nia — may  be  obtained  by  passing  ammonia  into  sulphuric  acid  ; 
but  it  is  usually  prepared  by  saturating  dilute  sidphuric  acid 
with  carbonaU  nf  ammonia,  or  by  decomposing  muriate  of 
ammonia  by  sulphuric  acid.  It  is  the  secret  sal-ammoniac  of 
some  old  writers.  This  salt  is  important  as  a  source  of  the  n 
riate  of  ammonia,  (477)  which  is  obtained  by  s 
a  mixture  of  common  sdt  and  sulphate  of  a 
process  sulphate  of  soda  is  also  formed. 

Sulphate  of  ammonia  dissolves  in  twice  ils  weight  of  water 
''  at  60°.  and  consists  of  I  proportional  of  sulphuric  acid  ^40-^  I 
proportional  of  ammonia  =17.  lis  number.  iheri?fore.  is  57. 
By  crystallization  it  afibrds  six-sided  prisms.  Its  taste  is  bitter 
and  pungent.  When  healed,  it  melts  and  in  part  sublimes,  am- 
monia is  given  ofi*,  and  a  super-sulphate  remains,  consisting  of 
2  proportionals  of  acid+  1  of  alkali. 

551.  Native  Sulphate  of  Ammonia  is  sometimes  found  in 
volcanic  products;  it  occurs  in  slalactiiic  concretions  of  a  whitish 
or  yellowish  colour,  and  covered  with  a  white  efflorescence. 

553.  Sulphur  and  Chlorine — Chloride  o/  Sulphur. — This 
compound  was  lirst  described  by  Dr  Thomson,  in  IS04  (Nich- 
olson's Journal,  Vol.  vii.)  When  sulphur  is  heated  in  chlo- 
rine, it  absorbs  rather  more  than  twice  its  weight  of  that  gaa. 
10  grains  of  sulphur  absorb  30  cubic  inches  of  chlorine,  and 
produce  a  grcenisb-yelluw  liquid,  consisiingof  16  sulphur + 
36,0  chlorine,  and  represented,  therefore  by  the  number  52. 
It  exhales  siiflbcating  and  irritating;  fumes  when  exposed  to  the 
air.  Its  specific  gravity  is  16,  It  does  not  affect  dry  vegeta- 
ble blues;  but  when  water  is  present,  it  instantly  reddens  them, 
sulphur  is  deposited  and  sulphurous,  sulphuric,  and  murialic 
acids  are  formed  in  consequence  of  a  decomj)osition  of  the  water. 
It  dissolves  sulphur  and  phosphorus. 

553.  Sulphur  and  Iodine  readily  unite  and  form  a  black 

,    cryslallizable  compound,  resembling  sulphuret  of  nntimony,  first 
described  by   M   Gay-Lussac. — Annalei  de  Chimie,  91. 
551.  Sulphur  and  Hi/dro^en — Sulphuretted  Hifdrogengaa 

i  — Hydrothionic  acid. — This  p:aseous  compound  of  sulphur  and 
hydrogen  was  discovered  by  Schcele  in  1777-  It  may  be  ob- 
tained by  presenting  suljihur  to  nascent  hydtogen,  which  is  the 
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case  when  sulphuret  of  iron  is  acted  upon  by  dilute  sulpliuric 
acid. 

The  sulphuret  of  iron  may  be  prepared  in  the  following  man-  Procewfoe 
ner.  A  bar  of  iron  is  to  be  heated  to  a  white  or  weldint^  heat  ubuiaing. 
in  a  smith's  for^,  and,  in  this  state,  is  to  be  rubbed  with  a  roll 
of  sulphur.  The  metal  and  sulphur  unite,  and  form  a  liquid 
compound,  which  falls  down  in  drops.  These  soon  congeal ; 
and  the  compound  must  be  preserved  in  a  well  closed  phial.* 
A  portion  of  this  may  be  introduced  into  a  retort  or  gas  bottle 
and  diluted  sulphuric  acid  poured  upon  it,  as  in  the  process  for 
obtaining  hydrogen  gas  (328). 

It  may  also  be  conveniently  obtained  by  heating  bruised  sul- 
phuret of  antimony  in  muriatic  acid.  To  a  mixture  of  powder- 
ed sulphuret  of  antimony  (crude  antimony  of  the  shops)  with 
5  or  6  times  its  weight  of  muriatic  acid  (sp.  gr.  1.160  or  there- 
abouts) contained  in  a  retort  or  gas  bottle,  apply  the  heat  of  a 
lamp.  Sulphuretted  hydrogen  will  be  disengaged  in  great  abun- 
dance. 

555.  Sulphuretted  hydrogen  gas  may  be  collected  over  water,  AbM>ri>ed  hy 
though,  by  agitation,  that  fluid  absorbs  nearly  thrice  its  bulk ;  it  ''^^'' 
should  be  received  into  bottles  provided  with  glass  stoppers, 

and  after  filling  them  entirely  with  the  gas,  the  stopper  should 
be  introduced. 

556.  Its  smell  is  extremely  offensive,  resembling   that  of 
putrefying  qcgs,  or  of  the  washings  of  a  gun  barrel,  to  which  ^"p**^*^ 
indeed  it  imparts  their  offensive  odour.     It  exists  in  some  min- 
eral waters. 

557.  The  specific  gravity  of  sulphuretted  hydrogen  to  hydro- 
gen is  as  17  to  l.t  100  cubic  inches  weigh  36  grains.  It  is 
mflammable,  and  during  its  slow  combustion,  sulphur  is  deposit- 
ed, and  water  and  sulphurous  acid  formed.  It  extinguishes 
flame. 

558.  It  appears  to  be  one  of  the  most  unrespirablc  of  all  the 
gase&i  for  a  small  bird  died  immediately  in  air  containing  y^V,  of 
its  volume  of  sulphuretted  hydrogen  ;  a  dog  perished  in  air 
mingled  with  jij  and  a  horse  in  air  containing  ^l^.  (Thenard, 
i.  723.) 

559.  It  tarnishes  silver,  mercury,  and  other  polished  metals, 
and  instantly  blackens  white  paint  and  solution  of  acetate  of 
lead.  By  direct  experiments,  Dr  Henry  has  found  that  one 
measure  of  this  gas,  mixed  with  20,000  measures  of  hydrogen,  or 
of  carburetted  hydrogen,  or  common  air,  produces  a  sensible 
discoloration  of  white  lead,  or  of  oxide  of  bismuth,  mixed  with 
water,  and  spread  upon  a  piece  of  card. 

5flO.  Water,  saturated  with  this  gas,  reddens  infusion  of  vio-  „^^^^^,. 
lets,  in  this  respect  producing  the  effect  of  an  acid.     From  this  pKorieaiidof 
and  other  properties,  some  of  the  German  chemists  have  pro-  ^"y^"^*^' 

*Tkc  snlpliorvt,  prvpared  bj  meltlog  iron  filinf^  with  lulphur  in  a  crucible,  does  not  answer  the 
pvpeee  e^oaJl/  «cl].b«c«a»e  the  |^as, which  itaflbrdt,  is  mixed  with  a  gpood  deal  of  hydrogen  (as. 
f  Sp.  fr.  1,1805  air  =r  I,  or  1^35  os^^ en  =  I,  atomic  weight 2,125,    T. 
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posed  for  it  the  name  oi  hydrolkhnic  iicid  :  and  Gay-Lu»sac 
has  given  it  the  very  objectionable  name  of  hydro-sulplntrtc 
acid,  a  term  which  would  be  much  more  properly  ajiplied  to 
liquid  sulphuric  acid. 

.')6I.  The  aqueuus  solution  of  sulphuretted  hydrogen  is  trans- 
parent and  colourless,  but  if  exposed  to  air  il  deposits  sulphur 
ami  Ihe  pas  escapes.  It  is  an  escecdingly  delicate  test  of  ihe 
presence  of  most  of  the  metals,  with  which  il  forms  coloured 
precipilates. 

56^,  Water  impregnated  with  sulphuretted  hydrogen,  when 
exposed  to  the  atmosphere,  becomes  covered  with  a  pellicle  of 
sulph-ir.  Sulphur  is  even  deposited  when  the  water  is  kept  in 
well-closed  bottles. 

563,  On  the  addition  of  a  few  drops  of  nitric  or  ni.trouB  acid 
to  the  watery  Solution  sulphur  is  instantly  precipitated.  In 
this  case  the  oxygen  of  the  acid  combines  with  the  hydrogen 
of  the  gas,  and  the  sulphur  is  separated.  The  gas  itself,  also, 
is  decomposed  when  transmitted  through  sulphuric,  nitric,  or 
arsenic  acids.* 

561.  When  one  volume  of  sulphuretted  hydrogen,  and  1,5  of 
oxygen  are  inflamed  in  a  detonating  lube,  1  volume  of  sulphur- 
ous acid  is  produced,  and  water  is  formed.  Thus  the  sulphur  il 
transferred  to  1  volume  of  the  oxygen  ajid  the  hydrogen  to  the 
half  volume.  Sulphuretted  hydrogen,  therefore,  consists  oflfl 
sulphur  +  1  hydroRen,  and  its  number  is  17.  Sulphuretted 
hydrogen  may  also  be  decomposed  by  the  Voltaic  flame,  in  the 
apparatus  shown  at  fig.  43,  or  by  a  succession  of  electric 
sparks.  Its  volume  is  unchanged,  but  the  sulphur  is  thrown 
down. 

565.  Chlorine  and  iodine  instantly  decompose  sulphuretted 
hydrcgen  ;  sulphur  is  deposited,  and  muriatic  and  hydriodic 
acids  are  formed.  It  is  also  decomposed  by  the  metal  potas- 
sium, which  al)sorbB  the  sulphur  and  liberates  pure  hydrogen, 
when  healed  in  the  gas.  Nitric  acid  poured  into  the  gas  occa- 
sions a  deposition  of  sulphur,  and  nitrous  acid  and  water  are 
formed. 

5G6.  Bprzelius  has  found  that  when  a  few  drops  of  fuming 
nitric  acid  are  put  inlo  a  flnsk  filled  with  sulphuretted  hydrogen, 
tlie  hydrogen  is  oxidized  by  the  nitric  acid,  and  the  sulphur  is 
disengaged  in  a  solid  form.  If  the  flask  be  closed  by  the  finger, 
ao  that  the  gas  which  becomes  healed  cannot  escape,  its  temper- 
alure  is  raised  so  much  as  to  produce  combustion  with  a  beauti- 
ful flame,  and  a  slight  detonation  which  forces  the  finger  from 
the  mouth  of  the  flask.  This  experiment  may  he  made  with 
safely  in  a  flask  containing  four  or  five  cubical  inches  of  gas. 

567,  When  sulphuretted  hydrogen  is  mixed  with  its  volume 
of  nitric  oxide  over  mercury,  a  diminution  of  bulk  ensues,  in 
consequence  of  the  production  of  water;  sulphur  is  deposited 
and  nitrous  oxide  remains  in  the  vessel. 
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568.  When  two  volumes  of  sulphuretted  hydrogen  are  mixed 
ID  an  exhausted  balloon  with  one  of  sulphurous  acid,  they  mutu- 
ally decompose  each  other,  occasioning  the  production  of  water, 
and  the  deposition  of  sulphur ;  if  the  gases  be  perfectly  dry,  the 
action  is  slow. 

569.  It  is  decomposed,  also,  when  long  kept  in  a  state  of 
mixture  with  atmospheric  air,  the  oxygen  of  which  combines 
with  the  hydrogen,  and  forms  water,  while  the  sulphur  is  pre- 
cipitated. 

570.  Sulphuretted  hydrogen  is  copiously  absorbed  by  alka-  ^jJlJ^Jj'^^ 
lies,  and  by  all  the  earths  excepting  alumina  and  zirconia.     This  eartbi. 
property  affords  a  ready  method  of  ascertaining  its  purity,  for 

if  it  be  agitated  with  a  solution  of  potash,  the  unabsorbed  resi- 
due will  show  the  amount  of  the  impurity,  which  is  commonly 
hydrogen  gas.  Its  alkaline  and  earthy  combinations  are  termed 
hydra-^ulphureis,.  It  unites  with  an  equal  volume  of  ammonia- 
cal  gas,  or,  if  transmitted  through  the  watery  solution  of  that 
gas,  it  is  rapidly  absorbed,  and  the  compound,  which  is  very 
useful  as  a  chemical  test,  has  a  yellow  colour  and  a  strong  smell 
of  sulphuretted  hydrogen.     H.  1.  433. 

571.  Sulphuretted  hydrogen  and  ammonia  readily  unite  in         ^^^^ 
equal  volumes,  and  produce  hydrosulphuret  of  ammonia.     At  i^f  oT7ii!u^ 
first  white  fumes  appear,  which  become  yellow,  and  a  yellow  "*** 
crystallized   compound  results,  consisting  of  17  sulphuretted 
hydrogen,  -|-  17  ammonia.     It  is  of  much  use  as  a  test  for  the 
metals,  and  may  be  procured  by  distilling  at  nearly  a  red  heat, 

a  mixture  of  6  parts  of  slacked  lime,  S  of  muriate  of  ammonia, 
and  1  of  sulphur. 

572.  Fig.  108,  represcn4s  the  disposition  of  the  apparatus  for 
this  experiment :  a,  a  small  furnace ;  &,  a  tubulated  earthen 
retort  containing  the  above  materials ;  c,  an  adapting  tube ;  6, 
a  glass  balloon  for  condensing  the  vapour ;  f  a  receiver ;  g^ 
a  bottle  of  water,  into  which  the  glass  tube,  issuing  from  the 
upper  part  of  the  receiver,  e,  is  made  to  dip  about  half  an 
inch. 

The  product  in  the  bottle/ may  be  mixed  with  the  wafer  in  g^ 
and  the  whole  used  for  washing  out  the  receiver  c.  In  its  con- 
centrated state,  this  compound  exhales  white  fumes,  as  was  first 
remarked  by  Boyle,  whence  it  was  termed  BoyWs  Fuming 
LigtiOTj  or  Volatile  Liver  of  Sulphur.  It  is  a  deep  yellow 
liquid,  smelling  like  a  mixture  of  sulphuretted  hydrogen  and 
ammonia. 

When  kept  in  common  white  glass  vessels  it  renders  them 
brown  or  black,  in  consequence  of  its  action  on  the  oxide  of  lead 
which  the  glass  contains. 

573.  Supersulphureited  Hydrogen. — This  compound  was   j,„^"^J  J**; 
discovered  by  Scheele,  and  afterwards  examined  by  Derthollet  drogeo. 
(Ann.  de   Chim.  tom.  xxv.)     It  is  obtained  when  hydro-sul- 

phuret  of  potash  (formed  by  boiling  the  flowers  of  sulphur  with 
liquid  potash)  is  poured,  by  little  and  little,  into  muriatic  acid. 
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A  very  small  portion  only  of  gaa  escapes ;  and  wliile  the  greater 
pari  of  llie  sulphur  separates,  one  poi-lioii  of  it  comhines  with  the 
sulphitrelled  hyHrogcit ;  assumes  the  appearance  of  an  oil  ;  and 
is  deposiieti  at  ihe  bottom  of  the  vessel.  Or,  dissolve  sulphur 
in  a  boiling  solution  of  pure  polash  ;  and  inio  a  phial  conLnining 
about  Jd  its  capacity  of  muriatic  acid,  of  the  sppcific  gravity 
1,07,  puur  about  an  equal  bulk  of  Ihe  liquid  compound.  Cork 
the  phiai,  and  shake  it;  the  hydroguretted  sulphur,  gradually 
settles  to  the  bottom  in  the  form  of  a  brown,  viscid,  semifluid 
mass.     Its  properties  are  the  following  : 

574.  It:<  taste  and  smell  resemble  those  of  putrid  eggs,  bulnrc 
less  oflensive.  Its  pri-cise  specific  gravity  is  unknown,  but  jj 
heavier  thnn  water,  and  descends  ihrbugh  it.  It  is  inflantmable 
and  burns  in  the  atr  with  a  smell  of  sulphurous  acid. 

If  gently  heated,   sulpliuretted  hydrogen  gas  exhales  from 
it ;  the  bi-sulphuret  loses  its  fluidity ;  and  a  residue  is  left,  con* 
sisting  merely  of  sulphur- 
It  combines  with  alkalies  and  earths;  and  forms  with  tbem 
a  class  of  substances  called  hydroguretted  sulphurets. 

575.  It  is  constituted  according  to  Mr  Dalion.  of  two  atoms  of 
'■  sulphur  =  32,  with  one  atom  of  hydrogen,  and  is  represented 

by  the  number  33.     It  consists  per  cent,  of 

Sulphur 96.75 

Hydrogen 3.25 

100.     H.  1.  435. 

5,76.  Suf/ihur  and  Nitrogen  do  not  form  any  definite  com- 
pound, though  the  nitrogen  evolved  during  ihe  denomposilion 
of  certain  animal  substances,  often  seems  lo  contain  sulphur. 

577.  Sulphur,  in  its  ordinary  state,  always  contains  hydro- 
gen, which  it  gives  off  during  the  action  of  various  bodies  for 
which  it  has  a  powerful  attraction.  Thus,  If  equal  weights  of 
sulphur  and  copper  or  iron-filings  be  inlroduceil  into  a  retorti 
and  heated,  a  quantity  of  hydrogen,  mixed  with  sulphuretted 
hydrogen,  is  evolved  at  the  period  of  their  com^inaiioD.     B. 


Section  IV.     Phoxphorus. 

Mofjifc       57^.  Phosphobus  was  discovered   about  the  year  1669,  by 
"'■  Brandt,  an  akhemist  of  Hamburgh,  while  employed  in  the  re» 

search  a(\cr  the  art  of  converting  the  baser  metals  into  gold  and 
silver;  and  afterwards  by  Kunckel,  a  German  chemist.  But 
the  method  of  preparing  it  was  not  publicly  divulged  by  either 
of  these  persons,  and  it  was  not  till  1737  that  a  commission,  ap- 
pointed by  the  French  Academy  of  Sciences,  was  instructed  by 
a  stranger  in  the  process.  It  consisted  in  evaporating  putrid 
urine  to  dryness,  and  distilling  the  residuum  at  an  intense  heat 
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in  t  stone-ware  retort.  Margraff  improved  the  process  by  add- 
ing a  salt  of  lead  to  the  urine ;  and  in  1769  Gahn,  of  Sweden, 
having  diseovered  the  phosphoric  acid  in  bones,  invented  the 
method  of  preparing  phosphorus  which  is  now  generally  follow- 
ed.    H.  1.  358. 

579.  Phosphorus  is  obtained  by  distilling  concrete  phospho- 
ric acid  with  half  its  weight  of  charcoal  at  a  red  heat.     This  irepa^^^ 
mixture  is  put  into  the  coated  earthen  retort,  fig.  109  a,  placed 

in  a  small  portable  furnace  b  ;  the  tube  of  the  retort  should  be 
immersed  about  half  an  inch  into  the  basin  of  water  c.  A  great 
quantity  of  gas  escapes,  some  of  which  is  spontaneously  inflam- 
mable, and  when  the  retort  has  obtained  a  bright  red  heat,  a 
substance  looking  like  wax,  of  a  reddish  colour  passes  over  : 
this,  which  is  impure  phosphorus  may  be  rendered  pure  by 
melting  it  under  warm  water,  and  squeezing  it  through  a  piece 
of  fine  shamois  leather:  but  great  care  must  be  taken  that  none 
adheres  to  the  nails  or  fingers,  which  would  inflame  on  taking 
them  out  of  the  water,  and  produce  a  painful  and  troublesome 
bam.  It  is  usually  formed  into  sticks,  by  pouring  it,  when 
fluid,  into  a  funnel  tube  under  water. 

Phosphorus  may  also  be  procured  by  adding  to  urine  a  solu-  Another  i>ro. 
lion  of  lead  in  nitric  acid,  which  precipitates  a  phosphate  of  ^''"' 
lead.  This,  when  well  washed,  dried,  and  distilled  in  a  stone- 
ware retort,  yields  phosphorus.  Or  a  solution  of  phosphate  of 
soda  (which  may  be  bought  at  the  druggists),  mixed  with  one 
of  acetite  of  lead,  in  the  proportion  of  one  part  of  the  former 
salt  to  l-|,of  the  latter,  yields  a  precipitate  of  phosphate  of  lead, 
from  which  phosphorus  may  be  procured  by  distillation  with 
charcoal,  but  at  considerably  more  expense.     H.  1.  369. 

580.  In  performing  this  distillation,  a  high  temperature  is 
required,  so  that  the  furnace  should  be  su&ciently  capacious 
to  hold  a  body  of  charcoal  piled  up  above  the  retort,  which  as 
earthen  ware  becomes  permeable  to  the  vapour  of  phosphorus  at 
ft  red  heat,  must  be  coated  with  a  mixture  of  slaked  lime  and 
solution  of  borax;  this  mixture  may  be  laid  on  with  a  brush, 
in  two  or  thre^  successive  coats,  and  forms  an  excellent  vilriji' 
able  lute. 

581.  When  pure,  phosphorus  is  nearly  colourless,  semitrans-  Prorerii«. 
parent  and   flexible.     Its  specific  gravity  is    1,770.     It  melts, 

when  air  is  excluded,  at  105^.  If  suddenly  cooled  after  having 
been  heated  to  140°,  it  becomes  black  :  but  if  slowly  cooled, 
remains  colourless.  At  550°  it  boils,  air  being  excluded,  and 
rapidly  evaporates.  When  exposed  to  air,  it  exhales  luminous 
fumes,  having  a  peculiar  alliaceous  odour ;  it  is  tasteless  and 
insoluble  in  water,  hut  proves  poisonous  when  taken  into  the 
stomach.     (Orpila,  TVait6  de  Poisons^  II.,  P.  ii.,  p.  186.) 

if  a   cylinder  of  phosphorus  be  introduced  into  a  vessel   of  p,p. 
oxygen  gas,  over  mercury,  at  a  temperature  not  exceeding  80*^ 
Fahrenheit,  no  perceptible  absorption  will  happen  in  24  hours ;  Abr^rbj  oiy. 
but   if,  the  temperature  remaining  the  same,  the  pressure  be  '"^ 
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(liminlshetl  to  Jlh  or  ^'^Ih  that  of  the  atmospliere,  the  phosphorus 
will  be  surroundud  by  white  vapours,  will  become  luminous  io 
the  (lark,  and  will  absorb  oxyp;en.  Under  ordinary  pressure!, 
3  hi};her  temperalure  is  required  to  produce  this  efiect;  but  it 
is  remarkable,  that  if  the  density  of  the  osyfjen  be  reduced  in 
the  above  proportion,  by  mixing  it  with  azote,  hydrogen,  or 
carbonic  acid,  (he  phosphorus  becomes  luminous.  Hence  phos- 
phoriis  absorbs  oxygen  from  atmospheric  air  with  an  extncatioa 
of  li^hl.     H.  1.35!». 

532,  Phosphorus  is  inflamed  by  the  application  of  a  very 
gentle  heat.  Acconlinij  lo  Dr  HL^aiins,  a  temperature  of  60° 
is  sufficient  lo  set  it  on  fire,  when  properly  dry.  It  buriu 
when  healed  lo  about  148°,  (100'^  Brande)  with  a  very  bril- 
liant light,  or  a  white  smoke,  and  a  suSbcalint;  smell,  and  may 
even  be  inll.imcd  In  an  atmosphere  rarefied  sixty  times.  (Vu 
Marum.) 

It  may  be  set  on  fire  by  friction.  Rub  a  very  small  bri 
between  two  pieces  of  brown  paper ;  the  phosphorus  willto- 
flame.  and  will  set  the  paper  on  fire  also. 

In  oxygen  gas  it  burns  with  a  very  beautiful  light  ;  (2C2)ind 
also  in  nitrous  oxide,  and  chlorine  gases.  The  product  of  U» 
rapid  combustion  of  phosphorus  in  oxygen  gas  is  exclusiveljr 
phosphoric  acid.     H.  1,  359. 

In  pure  nitrogen,  phosphorus  is  not  the  least  luminous  at  taj 
temperature. 
,„  5S3.  If,  instead  of  burnint;  phosphorus  with  free  access  of 
air,  it  is  heated  in  a  confint'U  portion  of  very  rare  air,  it 
enters  into  less  perfect  combnstiun,  and  three  compounds  of 
phosphorus  with  oxygen  are  the  resull,  each  characterized 
by  distinct  properties.  The  first  ii  a  red  solid,  less  fusible 
than  phosphorus;  the  second  is  a  white  substance,  more  vola- 
tile than  phosphorus;  and  the  third,  a  while  and  more  fixed 
body. 

581.  The  red  solid  consists  of  a  mixture  of  phosphorus  and 
oxide  of  phosphorus.  Oxide  of  pho-iphorus  is  the  while  sub- 
stance with  which  phosphorus  becomes  incrusted  when  kept  for 
some  time  in  water.  It  is  very  inflammable,  and  less  fusible 
and  volatile  than  phosphorus.  It  is  this  substance  which  is 
generally  used  in  the  phosphoric  mulch-boxes.  To  prepare  it 
for  this  purpose,  a  .piece  of  phosphorus  may  be  put  into  a  small 
phial  and  melted  and  stirred  about  with  a  hot  iron  wire  so  as  to 
coat  its  interior.  A  portion  of  the  phosphorus  is  thus  oxidized 
by  its  imperfecl  combustion,  and  a  small  quantity  taken  out 
upon  the  end  of  a  brimstone  match,  instantly  inflames  upon 
coming  into  the  contact  of  the  air. 

5S5.  Phosphorus  is  soluble  in  oils,  and  communicates  lo  them 
the  propertv  of  appearing  luminous  in  the  dark  ;  alcohol  and 
ether  also  dissolve  il,  but  more  sparingly.  This  may  be  shown 
by  pouring  a  small  quantity  of  eitht-T  of  these  liquids,  ia  which 
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phosphorus  has  been  dissolved,  upon  the  surface  of  warm  water 
io  a  dark  room. 

586.  The  only  information,  which  wc  possess,  respecting  the 
nature  of  phosphorus,  is  derived  from  the  electro-chemical  re-  Nature  of 
searches  of  Sir  H.  Davy.     When  acted  upon    by  a  battery  of  p**^*^**''"*' 
500  pairs  of  plates  in  the  same  manner  as  sulphur,  gas  was  pro- 
duced Id  considerable  quantities,  and  the  phosphorus  became  of 

a  deep  red-brown  colour.  The  gas  proved  to  be  phosphurctted 
hydrogen,  and  was  equal  in  bulk  to  about  four  times  the  phos- 
phorus employed.  Hence  hydrogen  may  possibly  be  one  of  its 
eomponents;  but  no  confirmation  of  the  truth  of  this  view  is 
derived  from  the  recent  experiments  of  the  same  philosopher, 
which,  indeed,  are  rather  contradictory  to  it.     H.  1.  360. 

587.  Phosphorus  and  Oxygen. — Besides  the  oxide  of  phos- 
phorus, which  has  just  been  alluded  to,  there  are  three  acid 
compounds  of  phosphorus  and  oxygen,  which  have  been  termed 
phosphorous^  phosphoric^  and  hypophosphorus  acids. 

588.  Phosphorous  Acid, — Phosphorous  acid  cannot,  accord-  pi,^,,^^^^ 
ing  to  Sir  H.  Davy,  be  obtained  pure  by  exposing  cylinders  of  *^^ 
phosphorus  to  atmospheric  air ;  for  when  thus  prepared,  it  always 
eontaios  phosphoric  acid.     It  can  only  be  obtained  in  a  state  of 
purity,  first  by  subliming  phosphorus  through  corrosive  subli* 

mate ;  then   mixing  the  product  with  water  and  heating  it,  till 
it  becomes  of  the  consistence  of  syrup.     The  liquid  obtained  is  Pn>«eM. 
composed  of  pure  phosphorous  acid   and  water,  which  becomes 
solid  and  crystalline  on  cooling.     It  is  acid  to  the  taste,  reddens 
vegetable  blues,  and  unites  with  alkalies. 

S^9.  The  theory  of  this  process  is,  that  when  the  compound  Theory. 
of  phosphorus  and  chlorine,  formed  in  the  first  operation,  is 
brought  into  contact  with  water,  the  water  is  decomposed  ;  its 
hydrogen  uniting  with  chlorine  composes  muriatic  acid  ;  and  its 
oxygen  combining  with  phosphorus  forms  phosphoric  acid. 
From  this  mixture  of  acids,  heat  expels  the  muriatic. 

590.  The  phosphorous  acid  exhales  a  disagreeable  fetid  odour;  P«>p«rt»«»- 
and  yields,  when  strongly  heated,  penetrating  white  vapours. 
When  heated  in  a  glass  ball,  blown  at  the  end  of  a  small  tube, 
a  gas  issues  from  the  orifice  of  the  tube,  which  inflames  on  com* 
ing  into  contact  with  the  atmosphere.  Hence  it  appears  to  con- 
tain an  excess  of  phosphorus.  The  residuum  in  the  ball  is  phos-  co»P«»*i»on« 
phoric  acid.  From  the  experiments  of  Rose  on  the  phosphoric 
acid,  Gay-Lussac  infers  that  phosphorous  acid  must  consist  of 

Phosphorus     .     .     56,81     .     .     100     .     .     132 
Oxygen       .     .     .     43,19     .     .       76     .     .     100 

100 

These  proportions  do  not  differ  materially  from  those  stated 
)y  Dulong,  who  makes  phosphorous  acid  to  consist  of  100  phos- 
phorus -f  74,88  oxygen.*     They  agree,  also,  still  more  nearly, 


♦  Phil.  Mag.  xUiii.  273. 


1 


PHOSPHORIC    ACID. 


with  the  statement  of  Berzelius,  according  lo  whom  this  acid 

consists  of 

Pfiosplioms     .     .     .     56,534     ....     100, 
Oxygen       ....     43.476     ....       76,93 


Sir  H.  Davy,  however,  after  a  careful  investifcation  of  the 
constitution  of  phosphoric  acid,  has  more  lately  been  led  to 
conclude  that  the  oxygen,  which  it  contains,  is  just  one  half  of 
that  existing  in  phosphoric  acid  ;  or  that,  in  the  former,  100 
grains  of  phosphorus  are  united  wilh  only  67.5  of  oxygen. 
Hence  100  grains  of  phosphorous  acid  must  consist  of 

Phosphorus 59,7 

Oxygen 40,3 


And  phosphorous  acid,  being  probably  constituted  of  1  alom 
oxygen,  +  1  atom  ofphosphorus,  the  weight  of  the  laller  atom 
may  be  inferred  lo  be  11,62,  or  in  round  numbers  12.  Phos- 
phorous acid,  then  will  be  represented  by  IS  +  8  =  20.  H. 
1.  363. 

591.  P/tosp/ioric  ^cid  may  he  formed  hy  hurnivf^  phospho- 
rus in  excess  of  oxygen.  There  is  intense  heal  and  liglii  pro- 
duced, and  while  deliquescent  flocculi  line  the  interior  of  ihe 
receiver.  It  is  produced  in  the  same  way  by  burning  phospho- 
rus under  a  dry  bell-glass  in  atmospheric  arr.  Phosphoric  acid 
may  also  be  obtained  by  acting  upon  phosphorus  by  nilric  acid: 
in  Ibis  case,  if  the  action  be  at  all  intense,  a  portion  of  ammonia 
is  at  the  same  time  produced,  which  is  found  in  the  slate  of 
phosphate  of  ammonia  in  solution.  About  six  parts  of  nilric 
acid,  specific  gravity  1,4,  are  introduced  into  a  tubulated  retort 

>-  placed  in  a  sand  heal,  with  a  tubulated  receiver  luted  on  to  it, 
the  stopper  of  which  should  be  open.  When  the  acid  is  warm, 
drop  inlo  it  gradually  one  part  of  phosphorus  in  small  pieces; 
red  nitrous  vapour  is  instantly  disengaged,  and  when  evolution 
ceases,  put  the  stopper  loosely  into  the  receiver,  and  distil  till 
the  residue  in  the  retort  acquires  the  consistence  of  syrup ; 
pour  it  into  a  platinum  crucible,  and  give  it  a  dull  red  beat :  it 
is  pure  phosphoric  acid, 

592.  The  exposure  of  phosphate  of  ammonia  to  a  red  heat 
in  a  platinum  crucible,  also  affords  very  pure  phosphoric  acid. 

o.  593.  For  the  purpose  of  procuring  phosphorus,  phosphoric 
acid  is  most  economically  obtained  by  the  decomposition  of 
bone  earth.,  which  consists  chiefly  of  phosphate  of  lime.  The 
following  is  the  mode  of  proceedinn- 

On  30  pounds  of  calcined  bone,  finely  powdered,  pour  20 
quarts  of  water,  and  eight  pounds  of  sulphuric  aeid,  diluted 
with  an  equal  weight  of  water.  Let  these  materials  be  Stirred 
together,  and  simmered  for  about  6  hours.     Let  the  whole  be 
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thenpnt  into  a  conical  bag  ot  linen  to  separate  the  clear  liquor, 
and  wash  the  residuum  till  the  water  ceases  to  taste  acid. 
Eraporate  the  strained  liquor,  and  when  reduced  to  about  half 
its  bulky  let  it  cool.  A  white  sediment  will  form  which  must 
be  allowed  to  subside;  the  clear  solution  must  be  decanted,  and 
boiled  to  dryness  in  a  glass  vessel.  A  white  mass  will  remain, 
which  may  be  fused  in  a  platinum  crucible,  and  poured  out 
into  a  clean  copper  dish.  A  transparent  glass  is  obtained,  con- 
sisting of  phosphoric  acid  with  some  phosphate,  and  a  little 
sulphate  of  lime. 

594.  Phosphoric  acid  is  a  deliquescent  substance,  and  when  in  p«>p«'*''^« 
the  flocculent  state,  as  obtained  by  burning  phosphorus  under  a 

dry  bell-glass,  it  dissolves  in  water  with  a  hissing  noise  and 
excites  great  heat  when  a  small  particle  is  put  upon  the  tongue; 
when  fused  it  has  been  called  glacial  phosphoric  acid.  It  is 
inodoroas,  very  sour,  volatile  at  a  bright  red  heat,  but  un- 
chan^d  by  it.  As  commonly  prepared,  it  is  an  unctuous  fluid. 
Specific  gravity  =  2. 

595.  The  composition  of  these  acids  of  phosphorus  has  been  compoiitioa. 
variously   given  by   different  chemists.     Dulong  investigated 

the  composition  of  phosphoric  acid,  by  finding  how  much  cnlo- 
rine  is  absorbed  by  phosphorus  previously  combined  with  a 
base.  He  then  deduced  the  oxygen,  from  the  quantity  known 
to  be  the  equivalent  of  the  chlorine,  which  had  disappeared. 
In  this  way  he  estimates  the  composition  of  phosphoric  acid  to 
be 

Phosphorus     .     .     .     44,48     .     .     .     100 
Oxygen      ....     55,52     .     .     .     124,8 

100, 

If  235  parts  of  phosphoric  acid,  as  appears  from  the  experi- 
ments of  Sir  H.  Davy,*  consist  of  100  phosphorus,  and  135 
oxygen^  100  grains  must  contain 

Phosphorus 42,55 

Oxygen 57,45 

100, 

This  would  very  nearly  accord  with  the  notion,  that  phos- 
phoric acid  is  constituted  of  one  atom  of  phosphorus,  weighing 
12  and  two  atoms  of  oxygen  =  16,  and  the  weight  of  the  atom 
of  phosp|)oric  acid  will,  therefore,  be  28.  It  appears  then, 
that  we  have  three  acids  with  base  of  phosphorus,  which  are 
constituted  as  follows : 

Atoms  of       Atoms  of  Weight  «'f 

Pbospborui.     Oxygen*  atom. 

Hypo-phosphorous  acid  .  2  -f  1  •  •  32 
Phosphorous  acid  .  .  .  1  +  1  •  •  20 
PhSspboric  acid       .     .     .     1     +     3     .     •    28 

*  From  Ute  experiin«nta  Dr  ThomaoD  infers  that  100  pho*phoriu  coroblDC  vr'r.b  133^  of  oxjg^eo  lo 
form  photpboric  add.    {First  PrincipUt.) 
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D«niriiiM-  596.  When  distilled  in  an  earthen  retort  wilh  half  its  weijuhl 
nr  jtowilcred  rharconl.  ^tncial  phosphoric  acid  is  decomposed; 
its  OKVgcn  uniting  with  the  carhon,  forms  carbonic  acid,  and 
phosphorus,  in  quantity  equal  lo  about  I  of  the  acid,  rises  in  a 
separate  sltite.  This  is  the  usual  and  best  mode  of  obtaining 
phosphorus      H.  1.  368. 

597.  When  phosphorus  is  exposed  to  a  moist  atmosphere,  it 
linder°;Des  a^i  apparent  deliqiieseiice,  producing  a  sour  liquid 
composed  of  phosphorous  »nd  phosphoric  acids  and  water.  M. 
Dulotig  has  called  lh\s  phospkatic  trcid. 
%p»p.'.fc  59S.  Hypophosphorovs  Acid,  was  discovered  by  M.  Dulong, 
i.i.,™«:,j.  ^^nnales  de  Ckiniie  et  Physique,  Vol.  ii.  p.  141.)  It  is  pre- 
pared as  follows:  Upon  I  pari  of  phosphure.t  of  barium 
pour  4  parts  of  water,  and  when  l!ie  evolution  of  phosphureltcd 
hydrof^en  p;as  has  ceased,  pour  the  whole  upon  a  filter.  To  the 
filtered  liquid  add  sulphuric  acid  as  lonj;  as  any  preeipitaie 
forms;  separ.ile  the  precipitate,  which  is  a  compound  of  sul- 
phuric acid  and  baryta,  and  the  clear  liquor  now  contains  the 
hypophosphorus  acid  in  solution.  ' 

When  concentrated  by  evaporation,  a  sour  viscid  liquid  Is 
obtained,  incapable  of  crystallization,  and  eagerly  attractive  of 
oxygen. 

599.  The  compounds  of  this  new  acid  with  alkaline  and 
earthy  bases,  are  remarkable  for  their  extreme  solubility.  Those 
of  barytes,  and  slrontites  crystallize  with  great  difficulty.  The 
hypo-phosphites  of  potash,  soda,  and  ammonia,  arc  soluble,  in  all 
proportions,  in  highly  rectified  alcohol.  That  of  potash  is  even 
more  deliq'iescent  than  muriate  of  lime.  They  absorb  oxygen 
slowly  from  (be  air,  and  when  heated  in  a  retort  give  the  same 
products  as  the  acid  itself. 

In  order  to  ascertain  the  properties  of  the  elements  of  this 
acid,  Dulong,  its  discoverer,  converted  a  known  quantity  of  it 
into  phosphoric  acid  by  means  of  chlorine,  whence  he  infers  it 
lo  consist  of 

Phosphorus     ,     .     .     72,75     ....    100,  ^H 

OiLygen       ....     27,i;5     ....      37,44         ^| 


These  results  are  calculated  on  the  supposition  that  the  h)"po- 
phosphorous  or  perphosphorous  acid  is  a  binary  compound  of 
oxygen  and  phosphorus  ;  but  it  is  doubtful  whether  it  may  not 
be  a  triple  compound  of  oxygen,  phosphorus,  and  hydrogen,  or 
a  hydracid ;  in  which  case  its  proper  appellation  would  be 
hydro-phosphoTous  ■:cid. 

(iOO.  In  his  able  investigation  of  the  compounds  of  phospho- 
rus, Sir  H.  Davy  admits  the  existence  of  the  new  acid  of  Dulong, 
but  deduces  different  proportions  of  its  elements.  The  oxygen 
of  this  acid  he  infers  to  be  the  precise  half  of  that  wliich  exists 
in  phosphorous  acid  ;  or  that  100  of  phosphorus  are  united  with 
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^3,750  oxygen.  But  it  has  been  already  shown  to  be  probable 
tb^  jdiosphorous  acid  is  composed  of  an  atom  of  each  of  its  ele- 
mentSy  mnditmty,  therefore,  be  inferred  that  hypo-phosphorous 
acid  is  constituted  of  one  atom  of  oxygen  weighing  8,  and  two 
atoms  of  phosphorus  weighing  12x2=24,  and  the  w^eight  of 
the  compound  atom  may  be  represented  by  32.     H.  1.  365. 

001.  Phosphate  cfJlmmonia  is  a  common  ingredient  in  the 
miiie  of  carnivorous  animals.  It  may  be  obtained  pure  by  sat- 
urating phosphoric  acid  with  ammonia;  it  forms  permanent 
octoedral  crystals  soluble  in  two  parts  of  water  at  68^,  and  of  a 
bitterish  saline  taste,  specific  gravity  1,8051.     T. 

It  consists  of 28  acid 

17  ammonia 

45 

This  salt  is  the  best  source  of  pure  phosphoric  acid,  for  if  it 
be  exposed  to  a  red  heat  in  a  platinum  vessel,  the  ammonia 
evaporates,  and  the  acid  is  obtained  in  the  form  of  a  transparent 

iriass,  very  deliquescent  and  pure.  The  phosphate  of  ammonia 
or  this  purpose  may  be  conveniently  and  economically  pre- 
pared by  saturating  the  impure  acid  obtained  from  the  bones 
(593)  with  carbonate  of  ammonia,  filtering  and  evaporating  to 
dryness. 

602.  Phosphorus  and  Chlorine. — These  elements  unite  in  unicpwith 
two  proportions  forming  two  definite  compounds,  the  chloride  *^H***"*^' 
and  perehhride  of  phosphorus. 

603.  When  phosphorus  is  submitted  to  the  action  of  chlorine, 
it  bums  with  a  pale  yellow  flame,  and  produces  a  white  volatile 
compound  which  attaches  itself  to  the  interior  of  the  vessel,  and 
which  is  the  perehhride  of  phosphorus.  This  substance  was 
long  mistaken- for  phosphoric  acid,  but  its  easy  volatility  is  alone 
sufficient  distinction ;  it  rises  in  vapour  at  200°.  It  is  fusible 
and  crystallizable  :  and  when  brought  into  the  contact  of  water, 
a  mutual  decomposition  is  eflected,  and  phosphoric  and  muri- 
atic acids  result  When  passed  through  a  red-hot  porcelain 
tube  with  oxygen,  phosphoric  acid  is  produced  and  chlorine 
evolved,  which  shows  that  oxygen  has  a  stronger  attraction  for 
phosphorus  than  chlorine. 

When  phosphorus  is  burned  in  chlorine,  one  grain  absorbs  8 
cubic  inches ;  so  that  the  compound  formed  must  be  reo:arded 
as  containing  1  proportional  of  phosphorus,  and  2  of  ciilorine, 
or  12  of  phosphorus  -f-  72  of  chlorine,  and  its  number  is  84. 

604.  With  ammonia  perchloride  of  phosphorus  forms  a  sin- 
gular compound,  which  though  consisting  of  three  volatile 
bodies,  remains  unchanged  at  a  white  heat,  and  is  insoluble  in 
water. 

605.  Chloride  of  PhosphoruSy  consisting  of  12  phosphorus  cworideof 
-|-  36  chlorine,  is  procured  by  distilling  a  mixture  of  phospho-  phc»phonis. 
rus  and  corrosive  suhlimale^  which  is  a  perchloride  of  mercu- 
ry.    In  this  experiment  cahmelf  or  protochloride  of  mercury, 

22 
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is  fornied,  and  tlic  phosphorus  combines  with  one  proportional 
of  chlorine. 

606.  The  chloride  of  phosphorus,  when  first  obtained,  is  t, 
liquid  of  a  reddish  colour:  but  it  soon  deposits  a  portion  of 
phosphorus,  and  becomes  limpid  and  colourless.  Its  specific 
gravity  is  1,45.  Exposed  to  the  air  it  exhales  acid  fumes:  it 
does  not  change  the  colour  of  dry  vegetable  blues.  Chlorine 
converts  it  into  perchloride.  Ammonia  separates  phosphorus, 
and  produces  the  singular  triple  compound  as  before  adverted 
to  (604.) 

607.  Chloride  of  phosphorus  acts  upon  water  with  great  en- 
ergy, and  produces  muriatic  and  phosphorous  acids,  while  the 
perchlorido  produces  muriatic  and  phosphoric  acids  :  for,  as  in 
the  perchloride  there  are  two  proportionals  of  chlorine,  so  in 
acting  upon  water,  two  of  oxygen  must  be  evolved,  which 
uniting  lo  one  of  phosphorus  generate  phosphoric  acid.  The 
chloride  of  phosphorus  on  the  contrary,  containing  one  proper 
tional  of  chlorine,  produces  muriatic  acid  and  phosphorous 
acid,  when  it  decomposes  water,  as  the  following  tables  shoff: 

Before  decomposition, 


After  decomposition. 

Muc.iiiic  Pho-phanin 

J  Chlorine  =  36    )  „,  I      1  rhospho.  =  12  >     '  ' 
1  Hjdrog.  =    1    i  ^'  I      1  Osjgcu   =    a  (  -° 

But  the  phosphorous  acid,  thus  produced,  always  contains 
water,  which  it  throws  off  when  heated  in  ammonia,  forming, 
with  that  alkali,  a  dry  phosphite.  This  experiment  shows  that 
the  hydrophosphorous  acid  consists  of  2  proportionals  of  phos- 
phorous acid  =  40+1  water  =  9,  its  number  is  therefore,  49. 

608.  Phosphorus  and  Iodine. — When  these  substances  are 
brought  together  in  an  exhausted  vessel,  they  act  violently,  and 
form  a  reddish  compound;  the  iodide  of  phosphorus  decom- 

Eoses  water  with  great  energy,  and  produces  phosphorous  and 
ydriodic  acids  (390.)  It  consists  of  13  phosphorous -f- 185, 
iodine  =  137. 

609.  Periodide  of  phosphorus  is  a  black  compound,  formed 
by  heating  one  part  of  phosphorus  with  rather  more  than  30 
of  iodine.  It  consists  according  to  Dr  Thomson,  of  1  propor- 
tional of  phosphorus  -f-  2  of  iodine.  It  docs  not  decompose 
water. 

CIO.  Phosphorus  and  Hydrogen. — Phosphvretfed  Hydrih 
gen.—Hydroguret  of  Phosphorus, — When  phosphorus  ii 
presented  to  nascent  hydrogen,  two  gaseous  compounds  resalt. 
The  one  inflames  spontaneously  upon  the  contact  of  the  atmos- 
phere.    This  may   be  procured    by  heating  phosphorus  in  a 
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solution  of  caastic  potassa ;  or  better,  by  acting  upon  pfiosphU" 
fdqflhne  by  dilute  muriatic  acid. 

611,  In  preparing  this  gas  from  phosphorus  and  solution  of  Method  of  <*- 
poUsh,  for  exhibiting  its  spontaneous  acccnsion,  both  the  body  uinin?  phot. 
tod  neck  of  the  retort  should  be  entirely  filled  with  the  solu-  SX'*""'*^^" 
tion,  which  Dr  Coxe  of  Philadelphia  recommends  to  be  almost 
boiling  hot.  He  employs  a  retort  holding  from  half  a  pint  to 
I  pint ;  and  after  introducing  both  the  phosphorus  and  \ho 
loloUon,  fixes  its  neck  on  an  inclined  plane  formed  of  a  block 
of  wood,  fig.  110,  the  upper  extremity  of  which  is  overhung  by 
the  body  of  the  retort,  while  its  mouth  projects  over  the  lower 
end,  and  ia  dipped  into  a  small  bowl  filled  with  a  hot  solution 
of  potash,  as  represented  in  the  figure.  The  gas,  extricated  by 
the  flame  of  a  lamp,  accumulates  *,  and,  forcing  the  alkaline  solu- 
tion down  the  neck,  at  length  escapes,  through  the  hot  solution 
in  the  bowl,  into  the  air,  where  it  inflames.  Should  the  heat 
slacken,  and  an  absorption  ensue,  nothing  passes  into  the  retort 
ll^  the  hot  solution  of  alkali  from  the  bowl ;  and  this,  as  the 
Ktort  is  secured  from  being  displaced,  does  no  harm.  In  this 
way  a  torrent  of  gas  may  be  kept  up,  as  long  as  there  remains 
sufficient  of  the  solution  in  the  retort ;  and  all  danger  of  break- 
ing the  retort  is  avoided.     H.  1.  427. 

612.  For  obtaining  this  gas  by  the  second  process,  Dr  Thom* 

son  gives  the  following  directions  :  Fill  a  small  retort  wilh  meSJJ"'* 
water  acidulated  by  muriatic  acid,  and  then  throw  into  it  a 
quantity  of  phosphuret  of  lime  in  lumps.  Plunge  the  beak  of 
the  retort  under  water,  and  place  over  it  an  inverted  jar  filled 
with  that  liquid.  Phosphuretted  hydrogen  gas  is  extricated  in 
considerable  quantity,  and  soon  fills  the  glass  jar.  Half  an 
ounce  of  phosphuret  of  lime  yields  about  70  cubic  inches  of  this 
gas. — ^Thomson's  Systemy  Vol.  i.  272. 

613.  This  gas  is  colourless,  has  a  nauseous  odour  like  onions, 

a  very  bitter  taste  and  inflames  when  mixed  with  air,  a  proper-  p«>p*'^«*- 
ty  which  it  loses  by  being  kept  over  water ;    water  takes  up 
two  per  cent,  of  this  gas,  and  acquires  a  bitter  taste,  and  the 
smell  of  onions. 

614.  When  bubbles  of  phosphuretted  hydrogen  are  sent  up  Eip. 
into  a  jar  of  oxygen,  they  burn  with  greatly  increased  splen- 
dour; in  chlorine  too  they  burn   with  a  beautiful  pale  blue 
light,  forming  muriatic  acid  and  perchloride  of  phosphorus.     In 

a  narrow  tube  it  may  be  mixed  with  oxygen  without  explod- 
ing, in  which  case  it  is  deprived  of  its  phosphorus  without  suf- 
fering any  change  of  bulk.  It  burns  when  thrown  up  into 
nitrous  oxide. 

615.  For  our  knowledge  of  the  composition  of  this  gas,  we  composition. 
are  chiefly  indebted  to  Dr  Thomson,  who  has  shown  that  the 
hydrogen  suffers  no  change  of  bulk  in  uniting  to  the  phospho- 
rus ;  so  that  the  difference  of  weight  between  this  gas  and  pure 
hydrogen,  indicates  the  weight  of  phosphorus ;  100  cubic 
inches  of  phosphuretted  hydrogen  weigh  27,527  grains ;  hence 


BIHYDROGURET    OF    PHOSPHORUS. 

the  gas  may  be  regarded  as  containing  one  proporlional  of 
phosphorus  and  one  of  hydrogen,  or  12-f  1  =  13.  Its  specific 
gravity  is  very  variable.  Sir  H.  Davy  has  obtained  it,  from 
phoaphorus  and  alkaline  lixivia,  of  all  specific  gravities,  from 
,400  to  ,700;  Mr  Dalton  stales  it  at  ,850,  air  being  1,000,  and 
Dr  Thomson  al  ,002,2.  The  quantity  absorbed  by  water  is 
fixed  by  the  former  at  j\  to  its  bulk,  and  by  the  latter  al  ^. 
Dr  Thomson  makes  it  j'^.     H.  1.  ■12S. 

61C.  When  phosphuielted  hydrogen  is  mixed  with  oxygen,  it 
requires  a  volume  and  a  half  of  the  latter  gas  for  its  perfect 
combustion  ;  and  as  the  hydrogen  would  require  half  its  volume 
of  oxygen  for  the  production  of  water,  the  remaining  volume 
must  unite  to  the  phosphorus  to  produce  phosphoric  acid. 

G17.  Bihydrogurel  of  phosphorus. — Hydrophosphoric  Gai. 
— The  next  compound  of  phosphorus  and  hydrogen  has  been 
called,  by  Sir  H.  Davy  hydrophosphoric  gas.  It  is  procurel 
by  heating  the  solid  hydrophosphorous  acid  in  a  very  small  ji^ 
tort.  The  gas  must  be  collected  over  mercury,  for  water  ■fe 
sorbs  one-eighth  its  volume.  Its  specific  gravity  to  hydrogw 
Is  as  14  to  I,  100  cubical  inches  weigh  2!>,ti45  grains.  It  is  not 
spontaneously  inflammable,  but  explodes  when  healed  with 
oxygen.  It  inHames  spontaneously  in  chlorine,  one  volume 
refjuiring  four  of  chlorine  for  Its  perfect  combustion.  Its  smell 
Is  less  disagreeable  than  the  former.  It  consists  ofs  of  hydra- 
gen  and  1  of  phosphorus  2  -|-  12  =  14  ;  hut  the  two  volumes  of 
hydrogen  are  condensed  into  one;  consequently  when  the  gas 
is  decomposed,  as  for  Instance,  by  subliming  sulphur  in  It,  tivo 
volumes  of  sulphuretted  hydrogen  are  formed. 

61S.  There  is  not,  says  Sir  H.  Davy,  in  the  whole  series  of 
chemical  phenomena  a  more  beautiful  illualralion  of  the  theory 
of  definite  proportions,  than  that  olTered  In  the  decomposition  of 
hydrophosphorous  acid  into  phosphoric  acid,  and  hydrophospho- 
ric gas.  Four  proportions  of  the  acid  contain  four  proportions 
of  phosphorus,  and  four  of  oxygen ;  two  proportions  of  w-ater 
contain  four  proportions  of  hydrogen  and  two  of  oxygen  (all  by 
volume).  The  six  proportions  of  oxygen  unite  to  three  propor- 
tions of  phosphorus  to  form  three  of  phosphoric  acid,  and  the 
four  proportions  of  hydrogen  combine  with  one  of  phosphorus 
to  form  one  proportion  of  hydrophosphoric  gas;  and  there  are 
no  other  products.     Ekmenls  p.  397. 

619.  Phosphorus  and  Nitrogen  produce  no  definite  com- 
pound, though  in  some  cases  of  animal  decomposition  the  evolv- 
ed nitrogen  appears  to  hold  phosphorus  in  solution. 

620.  Phosphorus  and  Sulphur  are  capable  of  combining. 
They  may  bo  united  by  melting  ihem  together  in  a  tube  ex- 
hausted of  air,  or  under  water.  In  this  last  case  they  must  be 
used  in  small  quantities  ;  at  the  moment  of  their  action,  water 
Is  decomposed,  sometimes  with  explosions.  They  unite  in 
many  proportions.     The  most  fusible  compound  is  that  of  one 


jiiila  hair  of  sulphur  tti  two  of  phosphorus.  This  remains  liquid 
.11  40°  F.  When  soiii!,  its  colour  is  yellowish-white.  It  is 
more  combustible  thnii  phosphorus,  and  distils  undecoaiposed  >t 
■  flroD^beat.  U.  63S.  lSec,al3o,FRAOAY  Jour.  Jtoi/.  Instilut. 


Section  V.     Carbon. 

621.  The  purest  foim  of  this  elementary  substance  is  the 
diamond,  a  mineral  body  first  discovered  in  Asia.  Diamonds 
occur  in  Brazil  in  crystals  in  secondary  rocks,  as  several  kinds 
of  sandstone,  consisting  of  aggregated  quartz  pebbles.  Also  in 
straU  of  ferruginous  sand  and  clay;  and  in  the  loose  sand  of 
plains  and  rivers."  The  fracture  of  the  diamond  is  foliated,  its 
jaininie  being  parallel  to  the  sides  of  a  regular  octoedi-on.  It  is 
hrittlc  and  very  hard.  Specific  gi-avity  3,5.  The  weight  and  ^''"""" 
value  of  diamonds  is  estimated  in  carats,  150  of  which  are 
about  equal  to  one  ounce  troy,  or  480  grains.! 

622.  The  diamond,  which  Sir  I.  Newton  had  sagaciously 
inferred  to  be  a  combustible  body,  from  its  powers  of  refracting 
light,  was  first  shown  by  GuytonJ  to  contain  carbon,  and  his 
experiments  led  him  to  conclude  that  the  diamond  is  the  only 
form  of  pure  carbon  ;  and  that  charcoal  is  a  compound  of  car- 
bon and  oxygen,  or  an  oxide  of  carbon.  The  experiments  of 
Messrs.  Allen  and  Pepys  have,  however,  gone  far  towards  prov- 
ing (hat  tlie  diamond  and  charcoal,  though  so  widely  remote 
from  each  other  in  external  characters,  are,  as  to  their  chemical 
nature,  identically  the  same ;  and  that  the  difference  between 
them,  in  ail  probability,  results  merely  from  tlie  respective  states 
of  aggregation  of  their  particles.     H.  1.  32S. 

6*3.  Another  form  of  carbon  is  charcoal,  the  purest  variety  cinrto.i 
ofn'hieb  is  iamp-black. 

CItuxoal  may  be  prepared  by  heating  pieces  of  wood,  cover- 
I  with  sand,  to  redness,  and  keeping  them  in  that  state  for 
'out  an  hour.  They  are  converted  into  a  black  brittle  sub- 
-incc,  which  appears  to  be  the  same  from  whatever  kind  of 
uod  it  has  been  procured. 

Common  charcoal  employed  as  fuel  is  usually  made  of  oak,  ,iri.pui'>; 
■  i.(-5nut,  elm,  beech,  or  ash  wood,  the  white  and  resinous  woods  «'■•'«'•' 
Ireing  seldom  used.  Voung  wood  afiords  a  better  charcoal  than 
large  timber,  which  is  also  too  valuable  to  be  thus  employed. 
It  is  formed  into  a  conical  pile,  which  being  covered  with  earth, 
or  clay,  is  suffered  to  burn  with  a  limited  access  of  atmospheric 
air.  by  which  its  complete  combustion,  or  reduction  to  ashes,  is 
prevented. 

Anollicr,  and  a   more  perfect  mode  of  preparing  charcoal,   

its  ip  submitting  it  to  a  red  heat  in  a  kind  of  distillaloi 


appai'alus  consisting  of  cast  iron  cylinders,  from  which  issued 
or  more  tubes  for  the  escape  of  gaseous  matters.     The  i 
of  gunpowder  particularly  prefer  this  process.     (A  plate  of  tl 
apparatus  is  given  by  Mr  Parkea,  in  his  Chemical  Essays.) 
tunpj^iick.        624.  Lamp-black  is  prepared  principally  by  turpentine  man- 
ufacturers from  refuse  and  residuary  resin,  which  is  burned  in 
a  furnace,  so  constructed,  that  the  dense  smoke  arising  from  it 
may  pass  into  chambers  hung  with  sacking,  where  the  soot  is 
deposited,  and  from  time  to  time  swept  off,  and  sold  without 
any  further  preparation.     (Aikipj's  Dictionary.     Art.  Cbas- 
coAL.)     When  lamp-black  has  been  heated  red  hot  in  a  close 
vessel,  it  may  be  considered  as  very  pure  carbon. 

625.  The  quantity  of  charcoal  obtained  from  different  kinds 
of  wood  is  liable  to   much  variation.     From  100  parts  of  the    , 
following  woods,  Messrs.  Allen  and  Pepys  obtained  the  annes-     | 
ed  quantities  of  charcoal. — Fhil.  Trans.  1807. 

Beech 15,00  |  Oak 17,40  J 

Mahogany    ....      15,75      Fir 18,17  I 

LigdaiD  Vili    .     ,     .     Mfii,  I  Boi 20.26  1 

626.  Charcoal  is  a  black,  insoluble,  inodorous,  insipid,  brittle 
substance  ;  an  excellent  conductor  of  electricity,  but  a  bud  con- 
ductor of  heat ;  unchanged  by  the  combined  action  of  air  and 
moisture  at  common  temperatures ;  and  easily  combustible  in 
oxygen  gas. 

627.  Professor  Silliman  first  observed,  on  subjecting  cylin- 
drical pieces  of  charcoal,  tapered  to  a  point,  to  the  galvanic 

ipnpuiici.  dejlagrator  of  Dr  Hare,  (237)  when  in  powerful  action,  that  the 
charcoal  point  of  the  positive  pole  instantly  shot  out  fVtb,  Jlh, 
or  even  J-  of  an  inch.  The  charcoal  of  the  negative  pole  under- 
went, in  the  mean  lime  a  change  precisely  the  reverse,  its  point 

■!»"  of  disappearing,  and  a  crater-shaped  cavity  being  substituted  in  its 
stead.  By  placing  a  piece  of  metal  at  the  negative  pole  in  lieu 
of  charcoal;  it  was  ascertained  by  the  absence  of  the  usual  phe- 
nomena, that  the  increase,  before  observed  in  the  charcoal  at 
the  positive  pole,  was  occasioned  by  an  actual  transference  of 
charcoal,  from  the  former  to  the  latter.  On  examining  with 
k  magnilier  the  projecting  point  of  the  charcoal  at  the  positive 
pole,  it  was  found  to  have  undergone  distinct  fusion  into  small 
spheres  collected  into  botryoidal  or  mamillary  concretions. 
The  charcoal  after  being  thus  fused,  is  found  to  have  become 
much  harder,  and  to  have  acquired  a  great  increase  of  specific 
gravity,  sinking  readily  to  the  bottom  of  strong  sulphuric  acid. 
Its  combustibility  is  so  much  diminished,  that  it  remains  unal- 
tered, when  ignited  on  an  iron  plate  with  free  access  of  air ; 
but  in  a  close  vessel  of  oxygen  gas,  it  was  found  entirely  con- 
vertible into  carbonic  acid  by  the  solar  rays  concentrated  upon 
it  by  a  powerful  lens.  [.American  Journal  of  Science,  v.  108 
—361.) 

628.  Charcoal  is  capable  of  destroying  the  smell  and  taste  of 
a  variety  of  vegetable  and  animal  substances.     (Lowitz  CrelPs 
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of  its  oxygeit.  Upon  this  principle,  carbonic  oxide  gas  is  pro- 
How  obtoin-  duced  by  heating  in  an  iron  retort  a  mixture  of  chalk  and  char- 
*<^  coal ;  or  of  equal  weights  of  chalk  and  iron  or  zinc  filings.    It 

IS  also  obtained  by  the  distillation  of  the  white  oxide  of  zinc 
with  one-eighth  of  its  weight  of  charcoal,  in  an  earthen  or  glass 
retort;  from  the  scales  which  fly  from  iron  in  forging,  mixed 
with  a  similar  proportion  of  charcoal ;  from  the  oxides  of  lead, 
manganese,  or,  indeed,  of  almost  every  imperfect  metal,  when 
heated  in  contact  with  powdered  charcoal.  It  may  also  be  ob- 
tained from  the  substance  which  remains  after  preparing  acetie 
acid  from  acetate  of  copper.  But  the  mixture  that  affords  it 
most  pure,  is  equal  parts  of  carbonate  of  baryta  and  clean  iron 
filings ;  these  should  be  introduced  into  a  small  earthen  retort, 
so  as  nearly  to  fill  it,  and  exposed  to  a  red  heat :  the  first  po^ 
tion  of  gas  being  rejected  as  mixed  with  the  air  of  the  retort, 
it  may  afterwards  be  collected  quite  pure. 

It  may  also  be  obtained  by  transmitting  carbonic  acid  gii 
over  charcoal  ignited  in  a  porcelain  tube.  The  acid  gas  com- 
bines with  an  additional  dose  of  charcoal;  loses  its  acid  propep 
ties  ;  and  is  converted  into  the  carbonous  oxide.  An  ingenious 
apparatus,  contrived  by  M.  Baruel,  and  extremely  useful  for 
this  and  similar  purposes  is  represented  by  fig.  111.  A  is  the 
bottle  from  which  the  carbonic  acid  gas  is  extricated  ;  C,  a  tube 
nearly  filled  with  pieces  of  muriate  of  lime  to  attract  mois- 
ture ;  F,  a  reverberatory  furnace  in  which  three  gun  barrels  x 
X*  a/'  are  placed,  containing  the  charcoal,  and  communicatiog 
with  each  other  by  glass  tubes  dd ;  niy  the  tube  that  conveys 
the  carbonic  acid  gas  into  the  first  gun  barrel  x  ;  lastly,  /  /,  the 
bent  tube  by  which  the  carbonic  oxide  produced,  passes.  The 
last  product  of  the  distillation  is  the  purest,  but  still  contains 
carbonic  acid,  which  must  be  separated  by  washing  the  gas  with 
lime  liquor. 

G34.  The  nature  of  this  gas  was  first  made  known  by  Mr 
Cruickshanks,  of  Woolwich,  in  1802  (Nicholson's  4to  Jmir- 
nal,  v.);  and  about  the  same  time  it  was  examined  by  Messrs. 
Clement  and  Dcsormes.     JJnnales  de  ChifniCy  xxxix. 

635.  Its  specific  gravity  to  hydrogen  is  as  14  to  1 ;  100  cubv 
cal  inches  weighing  29,63  grains*.  It  extinguishes  flame,  and 
burns  with  a  pale  blue  lambent  light,  when  mixed  with,  or  ex* 
posed  to  atmospheric  air.  The  temperature  of  an  iron  wire 
heated  to  dull  redness  was  found  by  Sir  H.  Davy  sufficient  to 
kindle  it.  A  mixture  of  two  measures  witli  one  of  common  air 
may,  be  exploded  by  a  lighted  taper,  or  even  by  red-hot  iron  or 
charcoal.  H.  347. 
Properties.  636.  It  is  extremely  noxious  to  animals ;  and  fatal  to  them  if 
confined  in  it.  When  respired  for  a  few  minutes,  it  produces 
giddiness  and  fainting.t  • 

* '29,6637.    Its  specific  gravitj   air        =     1  is  0.97^2 

oij^n  =     1      0,87s.    T. 

tSeePbil.Arar.xl.tu367. 
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657.  When  a  stream  of  carbonic  oxide  is  burnt  under  a  dry 
leli-^ass  of  air  or  oxygen,  no  moisture  whatever  is  deposited, 
howiagy  that  it  contains  no  hydrogen. 

638.  When  two  volumes  of  carbonic  oxide,  and  one  of  oxy*  DetoDate* 
en,  are  acted  on  by  the  electric  spark,  a  detonation  ensues,  and  ^ti» oxygen. 
nro  volumes  of  carbonic  acid  are  produced.     Whence  it  appears, 

tiat  carbonic  acid  contains  just  twice  as  much  oxygen  as  car- 
onic  oxide,  which  may  be  considered  as  a  compound  of  one 
olume  of  oxygen  and  one  volume  of  gaseous  carbon ;  or  of  one 
roportional  of  carbon  and  one  of  oxygen,  the  latter  being  so 
xpanded  as  to  occupy  two  volumes.  * 

639.  Carbonic  oxide  suffers  no  change  by  being  passed  and 
epassed  through  a  red-hot  porcelain  tube ;  nor  is  it  decomposed 
t  high  temperatures  by  phosphorus,  sulphur,  nor  even,  accord- 
ng  to  the  experiments  of  Saussure,  by  hydrogen.  {Journal 
le  Physique,  \v.)  But  when  previously  mingled  with  an  equal 
Hiik  of  hydrogen  gas,  and  passed  through  an  ignited  tube,  the 
iibe  becomes  lined  with  charcoal.  In  this  temperature,  the 
lydrogen  attracts  oxygen  more  strongly  than  it  is  retained  by 
he  charcoal,  and  water  is  formed.  It  was  found,  also,  by  Gay- 
^Qssac,  to  be  decomposed  by  the  action  of  potassium,  which 
x>mbines  with  the  oxygen  and  precipitates  charcoal.  H.  1. 
W7. 

640.  None  of  the  metals  exert  any  action  upon  this  gas,  ex-  d^^^^j^ 
ept  potassium  and  sodium,  which  at  a  red  heat,  burn  in  it  by  by  fKiutMum 
abstracting  its  oxygen,  and  carbon  is  deposited.  *°^  **"**'""** 

641.  According  to  Mr  Cruickshank,  it  contains  per  cent,  about  compowtioo. 
0  oxygen,  and  30  carbon  by  weight :  or  the  former  is  to  the 

itter  as  21  to  8,6,  or  as  21  to  9.  Gay-Lussac  however,  makes 
t  to  consist  of  43  charcoal  and  57  oxygen ;  Berzelius  of  44,28 
harcoal  and  55,72  oxygen,  proportions  which  agree  within  a 
mall  fraction  with  those  of  Clement  and  Desormes.  It  con- 
ains,  therefore,  just  half  the  oxygen  that  exists  in  carbonic  acid, 
nd  it  is  constituted  of  one  atom  of  charcoal  and  one  atom  of 
xygen,  and  weighs,  according  to  Mr  Dalton,  7  -f-  5,4  =  12,4, 
r,  by  the  corrected  numbers  8  +  6  =  14. 

On  the  theory  of  volumes  it  consists  of  1  vol.  of  oxygen  +  1 
ol.  of  gaseous  carbon,  the  oxygen  being  in  such  a  state  of 
xpansion  as  to  occupy  the  space  of  two'  volumes.     H.  1.  348. 

642.  Chiara-carbonic  jicid — Phosgene  gas, — When  equal 
t)lumes  of  chlorine  and  carbonic  oxide  gases,  both  previously  boJ^ut. 
ried  by  fused  chloj^de  of  calcium,  are  introduced  into  a  flask 
^hich  has  been  exhausted  of  air,  and  are  then  exposed  to  bright 
unshine  for  a  quarter  of  an  hour,  combination  takes  place,  the 
oloor  of  the  chlorine  disappears,  and  the  constituent  gases  are 
ondensed  into  half  their  united  volumes.  Hence  its  specific 
Tavity  must  be  equal  to  the  specific  gravity  of  chlorine  2,5  + 

fiat  of  carbonic  oxide  0,9722  =  3,4722,  and  100  cubic  inches 
lust  weigh   105,9  grains.*     Being  produced  by  the  agency  of 

*  105.9020.    Sp.  gr.  3.125  oxyg^ens  1.    T. 
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light,  it  was  called  by  Dr  J.  Davy  phosgene  gas,  but  as  it 
exhibits  distinctly  acid  properties,  it  has  since  been  better  term- 
ed  chtoro-carbonic  acid.  It  is  constituted  of  an  atom  of  carbon, 
an  atom  of  oxygen,  and  an  atom  of  chlorine.  Its  equivalent, 
therefore,  is  14  +  36  =  50.     H.  3.  G65. 

It  has  a  peculiar  pungent  odour  and  excites  a  copious  flow  of 
tears.  It  is  soluble  in  water,  and  is  resolved  into  carbonic  and 
muriatic  acid  gases.  The  weight  of  chloro-carbonic  acid  to 
hydrogen  is  as  50  to  1.  It  condenses  four  times  its  volume  of 
ammontacal  ^as,  producing  a  white  neutral  salt  from  which  the 
more  powerful  acids  disengage  muriatic  and  carbonic  acids,  but 
acetic  acid  dissolves  it  without  effervescence.  Several  of  the 
melals  decompose  it,  and  unite  with  the  chlorine,  evolving  car- 
bonic oxide  equivalent  in  volume  to  the  original  gas. 

Cliloro-carbonic  gas  affords  then  an  example  of  an  acid  withi 
simple  base,  and  two  acidifying  principles,  oxygen  and  chlorine, 
which  are  not  often  united  in  the  performance  of  this  function. 
H.  2.  665. 

643.  Carbonic  Jicid  Gas  may  be  obtained  by  burning  carbon, 
cither  pure  charcoal  or  the  diamond,  in  oxygen  gas. 

644.  It  is  not  evident  to  whom  the  combustibilitj  of  the 
diamond  first  occurred;  but  in  the  year  1694  the  Florentine 
Academicians  proved  its  destructibility  by  heat  by  meani  of  > 
burning  lens.  The  products  of  its  combustion  were  first  ex- 
amined by  Lavoisier  in  1772,  and  subsequently  with  more  pre- 
cision byGuytonMorveau,inl7S5.  {Jlnnalesde  CAi'mie,  xzxi.) 
In  1 797,  Mr  Tennant  demonstrated  the  important  fact,  thai  when 
equal  weights  of  diamond  and  pure  charcoal  were  submitted  to 
the  action  of  red  hot  nitre,  the  results  were  in  both  cases  the 
same ;  and  in  1S07  the  combustion  of  the  diamond  in  pure  oxy- 
gen was  found  by  Messrs  Allen  and  Pcpys  to  he  attended  with 
precisely  the  same  results  as  the  combustion  of  pure  charcoal. 
Hence  the  inevitable  inference  that  charcoal  and  the  diamond 
are  similar  substances  in  their  chemical  nature,  differing  only  in 
mechanical  texture,' 

•TbF  •piMrannlig.  110  !»)' I»  conrHifiilly  tniplajfeJ  [iir«iliili<liiit  Uii  nultiotllic  conbyUiH 
of  lbs  dinBioiid.     llcaatuuut  ■  f  lau  (lotic,  of  Ihi  capaeil)'  ofilMUt   IMcnblul  UKsbca,  (oaiihil 

fnin  il.  Bctiij  ioull.e  ciolR  at  tbe  g[ob<i ;  Ihit  ii  dciUnFd  lo  cdqtct  ■  mill  itreui  of  hjinget.  m 
altait iiillMiiiniblr  gu,    Twe  wir«,  c  f,  intDunu  •!  >  rtrj  tiiiU  didwiu  fmn  eicb  siher,  Jmi  tbatt 

mtaatttrom  Ibe  lid-r  uT  Ibajel,  the  otb«r  ii  VDclHcd  aaA  ipiuktvd  dch^  id  IU  whale  langlb  id  ■ 
(UH1ub.lL  Lbe  tubi  nhJ  v\tr  pub  Utrvu^bthfi  upper  pan  of  the  tlf^-ciH^,  aoA  Ibir  wire  IfiKbfllri 
OB  Ihti  oirtilde  in  a  ball  or  rioiE.  d,  vt  whicbipukt  (n  ID  be  taken  froita  Ihtf  macbinfl.  cither  dlr*«tfj 
or  bj  a  efaain.     Od  Hb'  toA  of  IhE  j«l  i>  filed,  by  a  little  Kckelt  a  anall  capHile,  fr.  mode  of  plakiHIl 


.llu^lpl.,. 


aaapeilaRbf 


Lidlod.aod  aAerfrardi  filled  wi 
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645.  Messrs  Allen  and  Pepys  collected  the  product  of  the  Alien  aod 
combustion  of  charcoal  and  of  the  diamond,  by  means  of  the  p^i!  '^ 
apparatus  represented  by  fig.  111.     {Phil.  Trans.  1807.)     a  a 

are  mercurial  gasometers,  one  of  which  is  filled  with  pure  oxy- 
gen gas.  The  brass  tubes  b  by  properly  supplied  with  stop- 
cocks, issue  from  the  gasometers,  and  are  connected  with  the 
platiQum  tube  c  c,  which  passes  through  the  small  furnace  d.  e 
iM  a  glass  lube  passing  into  the  mercurio-pneumatic  apparatus 
by  which  the  gas  may  be  drawn  out  of  the  gasometers  into  con- 
venient receivers.  A  given  weight  of  diamond  is  introduced 
into  the  centre  of  the  platinum  tube,  which  is  then  heated  to 
bright  redness,  and  the  gas  passed  over  it,  backwards  and  for- 
wards, by  alternately  compressing  the  gasometers.  Carbonic 
acid  is  soon  formed,  and  it  will  be  found  that  the  increase  of 
weight  sustained  by  the  oxygen  is  equivalent  to  that  lost  by  the 
diamond ;  that  the  oxygen  undergoes  no  change  of  bulk ;  and 
that  the  results  are,  in  all  respects,  similar  to  those  obtained  by 
a  similar  combustion  of  perfectly  pure  charcoal. 

646.  From  the  quantity  of  charcoal  or  diamond  consumed  in 
the  experiments  of  Allen  and  Pepys,  and  the  quantity  of  oxygen 
converted  into  carbonic  acid,  it  is  easy  to  infer  the  proportion  of 
carbon  and  oxygen  in  the  new  compound.  Reducing  these  to  Reiuit*. 
centesimal  proportion,  for  every  28  or  29  grains  of  the  combus- 
tible base  which  disappeared,  100  grains  of  carbonic  acid  (= 
about  201  cubic  inches)  were  generated ;  and  it  is  remarkable 
that  these  pn^)ortions  agree  exactly  with  those  originally  stated 

by  Lfdvoisier.  The  same  quantity  of  carbonic  acid  resulted, 
also,  from  the  combustion  of  between  28  and  29  grains-  of  dia- 
mond. Hence  it  may  be  inferred,  that  the  actual  quantity  of 
carbon  in  equal  weights  of  diamond  and  charcoal  is  very  nearly 
the  same ;  and  that  charcoal  is  not,  as  has  hitherto  been  suppos- 
ed, an  oxide  of  carbon  ;  their  only  difference  consisting  in  the 
presence  of  hydrogen  in  charcoal,  in  so  small  proportion  as  not 
materially  to  diminish  the  quantity  of  carbonic  acid  produced 
by  its  combustion.  If  this  inference  required  confirmation,  it 
is  furnished  by  its  agreement  with  Mr  Tennant's  experiments 
on  the  combustion  of  the  diamond,  published  in  1797.  Two 
grains  and  a  half  of  diamond,  (this  philosopher  found),  when 
consumed  in  a  tube  of  gold  by  means  of  nitre,  give  nine  grains 
of  carbonic  acid,  which,  in  100  parts,  should  contain,  therefore, 
as  nearly  as  possible,  28  parts  of  diamond  or  carbon.     The  mean 

ia  entering  sboold  blow  away  the  diamond,  the  f^Iobe  majbe  filled  with  the  gas  fint.  and  then,  deztt  r- 
ouslj  iMkiag  out  the  stop-cock  for  a  short  time,  the  diamonds  may  be  introduced  and  the  stop-cock 
replaced.  The  apparatus  is  then  to  be  fiied  on  the  pillar,  and  a  bladder  of  hjrdrof  en  gas  attached  to 
the  apcrtmv.  Now,  passing  a  current  of  sparks  between  the  wires,  a  small  stream  of  hjdrogen  is  to 
be  thrown  in,  which  inflaming,  immediately  heats  the  capsule  and  diamonds  white  hot ;  the  diamonds 
will  then  enter  into  combustion,  and  the  hydrogen  may  be  immediately  turned  off  and  the  bladder 
detached.  The  diamonds  will  continue  to  bum,  producing  a  strong  white  heat,  until  so  far  reduced  in 
ilxe  as  to  be  cooled  too  low  by  the  platinum  with  which  they  lie  in  contact. 
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of  a  number  of  Messrs  Allen  and  Pepys  experiments  give  the 
following  statement  of  the  composition  of  carbonic  acid : 


Carbon 28,60 

Oxygen 71,40 


100 
250 


Composition 
of  Ciirbonic 
acid. 


Proofs  from 
analjajt. 


100. 

647.  Mr  Dalton  assumes  the  composition  of  carbonic  acid  to 
be  in  round  numbers,  28  of  charcoal  and  72  of  oxygen ;  from 
whence  he  deduces  the  weight  of  the  atom  of  charcoal  to  be'5,4. 
But  if  the  atom  of  oxygen  weigh  8,  and  if  the  proportions  just 
assigned  be  correct,  the  atom  of  charcoal  will  weigh  6,  and  that 
of  carbonic  acid  (considering  it  as  a  ternary  compound  of  two 
atoms  of  oxygen  and  one  of  charcoal)  will  be  16  +  6  s  22.  On 
the  theory  of  volumes  its  constitution  has  been  stated  by  Gay- 
Lussac  to  be  1  volume  of  gaseous  carbon  + 1  volume  of  oxy- 
gen, condensed  into  the  space  of  1  volume,  and  the  density  of 
the  vapour  of  charcoal  has  been  estimated  to  be  equal  to  the 
density  of  carbonic  acid,  less  that  of  oxygen  gas,  or  to  1,5245 
—1,1025=0,422.* 

648.  When  two  volumes  of  carbonic  oxide  are  converted  into 
carbonic  acid,  we  add  a  volume  of  oxygen  equal  to  that  already 
existing  in  two  measures  of  the  former  gas  viz.  one  volumcy 
and  obtain  two  volumes  of  carbonic  s^cid,  which  gas  may  there- 
fore be  considered,  under  this  aspect,  as  constituted  of  one  volume 
of  oxygen  +  half  a  volume  of  carbonic  oxide  condensed  into  one 
volume.  This  view  of  the  constitution  of  carbonic  acid  and 
carbonic  oxide  rests,  however,  it  is  evident,  upon  the  presump- 
tion that  the  general  law,  deduced  by  the  last  mentioned  phi- 
losopher from  a  variety  of  other  cases,  applies  in  this  instance; 
viz.  that  gaseous  compounds  either  contain  equal  volumes  qf 
their  elements,  or  that  if  either  exceed,  the  excess  is  by  some 
simple  multiple  o/  the  smaller  volume  A 

649.  In  addition  to  the  proofs  of  the  constitution  of  carbonic 
acid  derived  from  its  synthesis,  we  have  also  the  evidence  of  its 
analysis,  which  may  be  effected  by  several  processes. 


*  Sp.  gr.  of  Caibon  vrnpoor    ....    0,376  ) 

••    *•    ••  Carbonic  acid    ....     1,375  v  Oi^fea 

Atomic  weifcht  of  ditto 3,75   y 

Weig^ht  of  100  cubic  inches  ....  46.5973.    T. 


=  1. 


f  According  to  Professor  Brande  100  cubic  ioches  of  oxygeo  weigh  33,88  (runa;  100  eM»  laAm 
of  carbonic  acid  weig^h  46,67  fraini,  or  just  23  times  as  heavy  at  hjdrofen,  benee  lOO  cuUeal  lucbw 
of  carbonic  acid  inust  consist  of  33,88  grains  of  ozjgen  ^3,70  grains  of  caiboo,  and  ]S;7 :  SSjH  : : 
8  :  10.  Hence  I  proportional  of  charcoal  =6^  3  proportionals  of  oiygeo as  16  will 
carbonic  acid,  represented  bjr  the  number  S3,  or  bj  the  following  symbol. 


Carbonic  acid.- 
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^^^^^  CARBONIC    ACID.  ^^^ 

1.  By  passing  a  succession  of  electrical  discharges  through  a 
qiuntity  of  carbonic  acid  gas  conlined  over  mercury,  Dr  Henry 
liM  found  that  the  gas  is  separated  into  oxygen,  and  carbonic 
oxide.  When  the  carbonic  acid,  which  escapes  decomposition, 
has  been  washed  out  by  a  solution  of  potash,  an  electric  spark 
inflames  the  residuary  mtsiure;  the  oxygen  and  carbonic  oxide 
again  oniliog.  and  re-composing  carbonic  acid.* 

2.  When  a  mixture  of  carbonic  acid  and  hydrogen  gases  is 
electrified,  the  hydrof^en  combines  with  part  of  the  oxygen  of 
the«cid,  and  reduces  it  to  the  stale  of  carbonic  acid.  The  same 
products  are  obtained,  by  Iransmttling  a  mixture  of  two  parts 
of  hydrogen  gas  and  one  of  carbonic  acid  through  a  glazed 
porcelain  tube  strongly  ignited.  The  hydrogen,  uniting  with  a 
part  of  the  carbonic  acid,  brings  the  latter  to  the  state  of  car- 
bonic oxide,  at  the  same  time  that  water  is  formed.     H.  1.  338. 

650,  It  may  also  be  analyzed  by  the  action  of  the  metal  potato 
tium,  which  is  capable  of  abstcacting  its  oxygen,  and,  with 
the  aid  of  heat,  burns  in  it  with  great  splendour;  charcoal  is 
deposited,  and  an  oxide  of  potttssiutn  is  formed.  In  this  and 
in  some  other  cases,  oxygen  is  seen  alternately  producing  acid 
■nd  alkali.  If  carbonic  acid,  obtained  by  burning  the  diamond 
in  oxygen,  be  thus  decomposed  by  potassium,  ihe  carbon  makes 
its  appearance  in  the  form  of  charcoal,  equal  in  weight  to  the 
diamond  consumed. 

651.  Carbonic  acid  is  a  most  abundant  natural  product;  the 
best  mode  of  procuring  it  for  experiment  consists  in  acting  upon 
marble  [eiirbonalc  of  lime)  by  dilute  muriatic  acid. 

For  this  purpose  the  marble,  in  small  fragments,  is  introduced  m. 
into  the  two-necked  bottle  a,  fig.  112,  and  covered  with  water;  '■' 
muriatic  acid  is  then  slowly  poured  down  the  funnel  b,  which 
cuuea  an  immediate  effervescence,  and  the  gas  passes  through 
the  bent  tube  c,  into  the  inverted  jar  d.  When  the  action 
ceases,  it  may  be  renewed  by  the  addition  of  fresh  acid,  until 
the  whole  of  the  marble  is  dissolved. 

As  carbonic  acid  gas  is  heavier  than  atmospheric  air  it  may 
also  be  obtained  by  means  of  the  apparatus  fig.  113,  a  is  a  long 
glass  tube  proceeding  from  the  bottle  containing  the  marble  and 
acid,  and  passing  down  to  the  bottom  of  the  jar  i,  which  stands 
with  its  mouth  uppermost.  The  carbonic  acid  will  expel  the 
common'air  from  the  jar. 

653.  Carbonic  acid  may  be  collected  over  water,  but  must  be 
preserved  in  vessels  with  glass -stoppers,  since  water,  at  common 
temperature  and  pressure,  takes  up  its  ovA  volume. 

Fill  partly  a  jar  with  this  gas,  and  let  it  stand  a  few  hours  k 
over  water.  An  absorption  will  gradually  go  on,  till  at  last 
none  will  remain.  This  absorption  is  infinitely  quicker  when 
agitation  is  used.  Repeat  the  above  experiment,  with  this  difier- 
ence,  that  the  jar  must  be  shaken  strongly.  A  very  rapid  dimi- 
nution will  now  take  place.     In  this  manner,  water  may  be 


%^  CABBOHIC    ACIB. 

charged  with  rather  more  than  ils  owb  bulk  of  carbonic  acid 
gas;   and  it  acquires,  when  thus  saturated,  a  very  brisk  and 
pleasant  taste. 
>b»rhtd  by      653.  The  effervescent  quality  of  many  mineral  waters  iS  re- 
"'"■  ferable  to  the  presence  of  this  f;as,  and  they  are  often  imitated 

by  condensing  carbonic  acid  into  water,  either  by  a  condensini; 
pump,  of  which  a  description  is  given  in  Mr  Pepys  {Quarter' 
ly  Journal  of  Science  and  the  jirls.  Vol.  iv.  p.  305)  or  by  ■ 
Nooih's  apparatus,  as  represented  in  fij;.  114.  It  consist^  of 
three  vessels,  the  Iqwest,  a,  flat  and  broad,  so  as  to  form  i 
steady  support;  it  contains  the  materials  for  evolving  the  gas, 
such  as  pieces  of  marble  and  dilute  muriatic  acid,  of  which 
&esh  supplies  may  occasionally  be  intrbdiiced  through  the  stop- 
ped aperture.  The  gas  passes  through  the  lube  b,  in  which  is 
a  glass  valve  opening  upwards,  into  the  vessel  c,  containing  the 
water  or  solution  intended  to  be  saturated  with  the  gas,  anil 
which  may  occasionally  be  drawn  oiT  by  the  glass  stop-<:m;b. 
Into  this  dips  the  tube  of  the  uppermost  vessel  d,  which  occa- 
sions some  pressure  on  the  gas  in  c,  and  also  produces  a  circuk' 
tion  and  agitation  of  the  water.  At  the  top  oi  d  is  a  heavj 
conical  stopper,  which  acts  as  an  occasional  valve,  and  keeps  up 
a  degree  of  pressure  in  the  vessels. 

Under  a  pressure  of  two  atmospheres  water  dissolves  twice  ill 

volume  of  tliis  gas,  and  so  on.     It  thus  becomes  brisk  and  titt, 

and  reddens   delicate   vegetable  blues.     By  freezing,  boiling  or 

exposure  to  the  vacuum  of  the  air-pump,  the  gas  is  given  oS, 

Kip.  Place  a  tumbler  of  water  which  has  been  impregnated  with 

this  gas  (the  soda  water  of  the  shops,  for  example)  under  the 

receiver  of  the  air-pump,  and  exhaust  it;  the  gas  will  escape  so 

rapidly  as  to  present  the  appearance  of  ebullition  ;  and  will  be 

much  more  remarkable  than  the  discharge  of  air    from  another 

vessel  of  common  spring  water,  confined  at  the  same  time  under 

the  receiver. 

EipciLed  hj        654.  If  the  impregnated  water  be  rapidly   congealed,  by  sUT- 

'""'"«       rounding  it  with  a  mixture  of  snoiv  and  salt,  the  frozen  water 

^^  has  more    the  appearance   of  snow  than    of  ice,  its  bulk  being 

prodigiously  increased  by  the  immense  number  of  air  bubbles. 

When  water,  thus  congealed,  is  liquefied  again,  it  is  found,  by 

its  taste,  and  other  properties,  to  have  lost  nearly  tlie  whole  of 

its  carbonic  acid. 

p.i.ito  u,i-       ^^^-  Carbonic  acid  gas  is  unrespirable,  and  is  fatal  to  animals. 

ratii.  Put  a  mouse  or  other  small  animal  into  a  vessel  of  the  gas,  and 

cover  the  vessel  to  prevent  the  contact  of  common  air.     The 

^*'  animal  will  die  in  the  course  of  a  minute  or  two.     By  means  of 

this  gas,  butterflies,  and  other  insects,  the  colours  of  which  it  is 

desirable  to  preserve,  for  the  purpose  of  cabinet  specimens, 

may  be  suffocated  better  than  by   the  conmon  mode   of  killing 

them  by  the  fumes  of  sulphur.     H. 

piri  ^Lb^      656.  It  extinguishes  flame.     This  may  be  shown  by  setting  a 

"^  vessel  filled  with  the  gas,  with  its  mouth  upwards,  and  letting 
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down  a  lighted  candle.     The  candle  will  be  instantly  extin- 
guished. 

The  experiment  may  be  varied  by  placing  near  the  vessel 
containing  the  carbonic  acid  gas,  a  similar  one  filled  with  oxygen  c^p. 
pSy  and  if  the  candle  after  being  extinguished  by  the  carbonic 
icid  be  speedily  immersed  in  the  oxygen  gas  it  will  be  re-light- 
td,  and  this  may  be  repeated  as  long  as  the  gases  remain  in  the 
vessels. 

657.  Carbonic  acid  gas  is  heavier  than  atmospheric  air,  and  He»Tiertbu 
may  be  poured  from  one  vessel  into  another  like  water.     Place  •*jw»«p>>«n« 
a  lighted  taper  at  the  bottom  of  a  tall  glass  jar,  and  pour  the  gas 
out  of  a  bottle  into  it  ;  it  descends  and  extinguishes  the  flame,  Exp. 
and   will   remain  a   long   time  in  the  lower  part  of  the  jar. 
Hence  in  wells  and  in  some  caverns,  carbonic  acid  gas  frequent- 
ly occupies  the  lower  parts,  while  the  upper  parts  are  free  from 
it.     Hence  also  the  precaution  used  by  the  sinkers  of  wells,  of 
letting  down  a  candle  before  they  venture  to  descend  in  per- 
son.    The  miners  call  it  choak  damp. 

65B,  When  combined  with  water  this  gas  reddens  vegetable  Po«etw» 
colours.     This  may  be  shown  by  dipping  into  water,  thus  im-  Mi^Jprop*"^ 
pregnatedy  a  bit  of  litmus  paper,  or  by  mixine,  with  a  portion 
of  it  aboat  an  equal  bulk  of  the   infusion  of  litmus.     This  fact 
establishes  the   title   of  the   gas  to  be  ranked  among  acids. 
When  an  infusion  of  litmus  which  has  been  thus  reddened,  is 
either  heated,  or  exposed  to  the  air,  its  blue  colour  is  restored,  j^ 
in  consequence  of  the  escape  of  the  carbonic  acid.     This  is  a 
marked  ground  of  distinction  from  most  other  acids,  the  effect  of 
which  is  permanent,  even  after  boiling. 

Carbonic  acid  gas  precipitates  lime-water — this  character  of  Test  of  it* 
the  gas  is  necessary  to  be  known,  because  it  affords  a  ready  test  p'*''"^"^*' 
of  the  presence  of  carbonic  acid,  whenever  it  is  suspected.    Pass  ^'p- 
the  gas  as  it  proceeds   from  the   materials,  through  a  portion  of 
lime  water.     This,  though  perfectly  transparent  before,  will 
instantly  grow  milky  :  Or,  mix  equal  measures  of  water  saturated 
with  carbonic  acid,  and  lime  water.     The   same   precipitation 
will  ensue.     By  means  of  lime-water,  the  whole  of  any  quanti- 
ty of  carbonic  acid,  existing  in  a  mixture  of  gases,  cannot,  how- 
ever be  removed,  as  Saussure,  jun.  has  shown  ;  but  recourse 
must  be  had  in  order  to  effect  an  entire  absorption,  to  a  solu- 
tion of  caustic  potash  or  soda.* 

As  all  common   combustibles,   such  as  coal,  wood,  oil,  wax,  a  product  of 
tallow,  &c.  contain  carbon  as  one  of  their  component  parts,  so  *^  "'   ' 
the  combustion  of  these  bodies  is  always   attended  by  the  pro- 
duction of  carbonic  acid.     1.  Let  the  chimney  of  a  portable  Kip. 
furnace,  in   which   charcoal  is  burning,  terminate,  at  a  distance 
suflficiently  remote  to  allow  of  its  being  kept  cool,  in  the  bottom 
of  a  barrel,  provided  with  a  moveable  top,  or  of  a  large  glass 
vessel,  having  two  openings.     A  small  jar  of  lime-water  being 

*  If  eiccM,  either  of  the  ^i  or  of  its  aqueous  solutioo,  be  added  to  the  lime  Kater,  the  precij  iute 
IS  re -dissolved,  caiiwoate  of  lime  being  soluble  in  carbonic  a'^id. 
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et  down  into  the  tub  or  vessel,  and  agitated,  the  limc-wsler 
will  immediately  become  milky.  The  gas  will  also  extinguish 
burning  bodies,  and  prove  fatal  to  animals  that  aie  confined  in  it 
Hence  the  danger  of  exposure  to  the  fumes  of  charcoal,  which, 
in  several  instances  have  been  known  to  be  fatal.  These  fumM 
consist  of  a  mixiure  of  carbonic  acid  and  nitrogen  gases  with  K 
very  small  proportion  of  oxygen  gas.  2.  Fill  the  pneumatO' 
chemical  trough  with  lime-water,  and  burn  a  candle,  in  a  jar 
filled  with  atmospheric  air,  over  tlic  lime  water  till  the  flame  is 
extinguished.  On  agitating  the  Jar,  the  lime  water  will  become 
milky.  The  same  appearances  will  take  place,  more  speedily 
and  remarkably  if  oxygen  gas  be  substituted  for  common  air. 
The  carbonic  acid,  thus  formed  during  combustion,  by  its  ad- 
mixture with  the  residuary  air,  renders  it  more  unfit  for  sup* 
porting  flame,  than  it  otherwise  would  be  from  the  mere  loss  of 
oxygen.  Hence,  if  a  candle  be  burnt  in  oxygen  it  is  extJB- 
guished  long  before  the  oxygen  is  totally  absorbed  ;  because  the 
admixture  of  carbonic  acid  with  oxygen  gas,  in  considerable 
proportion,  unfits  it  for  supporting  combustion.  Wheneverany 
substance,  by  combustion  in  oxygen  gas  or  common  air  over 
lime  water,  gives  a  precipitate,  soluble  with  efiervescence  in 
muriatic  acid,  we  may  infer  that  it  contains  carbon.  H.  I.  343. 
.  659.  It  is  also  produced  by  the  respiration  of  animals;  hence 
It  is  detected  ol^en  in  considerable  proportion,  in  crowded  and 
illuminated  rooms,  which  are  ill  ventilated,  and  occasions  diffi- 
culty  of  brealhing,  giddiness,  and  faintness. 

The  produclion  of  carbonic  acid,  by  respiration,  may  be  prov- 
ed by  blowing  the  air  from  the  lungs,  with  the  aid  of  a  quill, 
through  lime  water,  which  will  become  milky, 

fi60.  In  the  atmosphere  it  may  also  be  detected,  varying  in 
quantity  from  1  to  0,1  ptr  cent. 

661.  Carbonic  acid  retards  the  putrefaction  of  animal  sub- 
stances. This  may  be  proved,  by  suspending  two  equal  pieces 
*  of  flesh  meat,  the  one  in  common  air,  the  other  in  carbonic  acid 
gas,  or  in  a  small  vessel  through  which  a  stream  of  carbonic 
acid  is  constantly  passing.  The  latter  will  be  preserved  untaint- 
ed some  time  after  the  oiher  has  begun  lo  putrefy. 

Carbonic  acid  gas  exerts  powerful  efl'ects  on  living  vegeta- 
bles. These  eflects,  however,  vary  according  to  the  mode  of  its 
application.  Water  saturated  with  this  gas,  proves  highly  nu- 
tritive, when  applied  lo  the  roots  of  plants.  The  carbonic  acid 
is  decomposed,  its  carbon  forming  a  component  part  of  the 
vegetable,  and  its  oxygen  being  liberated  in  a  gaseous  form. 

On  the  contrary,  carbonic  acid,  when  a  living  vegetable  is 
confined  in  the  undiluted  gas  over  water,  is  injurious  to  the  health 
of  the  plant,  especially  in  the  shade.  The  late  Mr  Henry  long 
ago  found,  that  a  certain  quantity  of  this  gas,  applied  as  an 
atmosphere,  is  favourable  to  vegelalion;  and  M.  Saussure  of 
Geneva,  has  determined  more  recenliy.  that  the  mixture  of 
more  than  \  of  carbonic  acid  with  common  air  is  always  injuri- 
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(His;  bat  that,  in  this  proportion,  it  produces  the  growth  of 
plants,  and  is  manifestly  (decomposed. 

662.  It  is  this  process  of  nature  that  appears  to  be  the  prin* 
cqwl  means  of  preventing  an  excess  of  carbonic  acid  in  the 
jjenersl  mass  of  the  atmosphere,  which,  without  some  provision 
)f  ibis  kind,  must  gradually,  in  the  course  of  ages,  be  rendered 
less  and  less  fit  for  respiration.     H.  1.  345. 

663.  Carbonic  acid  combines  with  alkalies,  earths  and  metals 
md  the  compounds  are  termed  carbonates :  as  it  is  usually 
retained  in  combination  by  very  feeble  affinity,  so  it  is  evolved 
Grom  most  of  the  carbonates  by  the  simple  operation  of  heat. 
Thus  chalky  when  heated,  gives  out  carbonic  acid  and  becomes 
quickKnu*  It  is  also  evolved  from  its  combinations  by  most 
of  the  other  acids;  and  if  nitric,  muriatic,  or  sulphuric  acid,  be 
poured  upon  the  carbonates,  the  presence  of  carbonic  acid  is 
indicated  by  effervescence. 

664.  If  carbonic  acid  be  passed  over  red-hot  charcoal,  it  be-  p^ 
comes  converted  into  carbonic  oxide  by  taking  up  an  additional  ^on^^^^ 
proportion  of  base.  The  blue  flame,  often  seen  upon  the  sur- 
face of  a  charcoal  fire,  arises  from  the  combustion  of  the  carbonic 
oxide  foimed  in  this  way;  the  air  entering  at  the  bottom,  forms 
carbonic  acid,  which,  passing  through  the  red-hot  charcoal^  be- 
comes converted  into  carbonic  oxide. 

665.  At  a  bright  red  heat,  iron  decomposes  carbonic  acid,  by 
abstracting  a  portion  of  its  oxygen,  and  forming  oxide  of  iron 
and  carbonic  oxide. 

666.  Carbonic  ^cid  and  Ammonia. — These  gases  readily  ciifboo«te  ©r 
combine,  and  produce  one  of  the  most  useful  and  best  known  of  a«<°«°»- 
the  ammoniacal  compounds.     When  one  volume  of  carbonic 

acid  gas  and  two  volumes  of  ammonia  are  mixed  in  a  glass 
vessel,  over  mercury,  a  complete  condensation  ensues,  and  car- 
bonate qf  ammonia  is  produced. 

As  100  cubic  inches  of  carbonic  acid  weigh  46,56  grains,  and 
200  of  ammonia  36,36  grains,  in  all  ti2^92  grains,  carbonate  of 
ammonia  must  consist  of 

Atoms. 

Carbonic  acid ....  56,20  ...  1  ...  22 
Ammonia 43,80  ...  1  ...  17 


It  may  be  repi'esented  thus 


100, 


39 


Carbonic  Acid 

S2 

• 

Amm  onia 

17 

=  39. 
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667.  If  water  be  present,  it  so  far  overcomes  the  elasticity  oi 
the  gas,  as  to  enable  the  salt  formed  to  take  up  another  volume 
of  carbonic  acid,  and  thus  a  bicarbonate  is  formed. 

66S.  Carbonate  of  ammonia  crystallizes  in  octoedrous,  though 
it  Is  generally  met  with  in  cakes  broken  out  of  the  subliming 
vessel,  being  obtained  by  sublimation  from  a  ttiixture  of  muriate 
of  ammonia  and  carbonate  of  lime. 

The  results,  however,  of  this  decomposition  are  not  strictly 
speaking,  carbonate  of  ammonia  and  muriate  of  lime,  but  car* 
bonale  of  ammonia,  water,  and  chloride  of  calcium,  the  two  for- 
mer being  in  combination,  so  K\i3.l  a  hydrated  carbonate  o/ am- 
monia Is  always  obtained. 

Supposing  the  materials  perfectly  dry,  the  water  is  formed 
by  the  union  of  the  hydrogen  of  the  muriatic  acid  with  '' 
oxygen  of  the  lime,  as  shown  in  the  following  diagram 


=. 


?r::!  Li- 


069.  Sub-carbonale  qf  Ammonia — Sesgvi-carbonale. 
Phillips  has  shown   {Journal  of  the  Royal  Institution, 
aai.)  that  the  carbonate  of  ammonia  of  commerce    (ammo 
siib-carbonas  of  the  Lond.  Pharmacopceia)  is  a  compouui 

3  Proportionala  of  Carbonic  acid  ....  22     X     3; 

S  tlLlto Aniiuoniu 17     X     *■ 

2  Ditto Water 9     x     2^ 


Viewing  it  as  a  compound  of  1^  proportions  of  carbon^  aci<l,« 
I  ammonia,  and  1  of  water,  it  has  been  colled  by  Mr  Phillips  > 
sesqui-car bonale,  and  if  this  vieiv  be  unconnected  with  the 
notion  of  its  containing  the  fraction  of  an  atom,  there  can  be 
no  objection  to  the  name.  Il  is  preferable,  indeed,  to  that  of 
sub-carbonate,  which  should  be  reserved  for  the  compound, 
hitherto  unknown,  of  1  atom  of  acid  and  3  of  base. 

670.  When  the  sesqui-carbonate  is  fresh  prepared,  it  has  a 
crystalline  appearance  and  some  transparency,  and  is  hard  and 
compact.  It  has  a  pungent  smell,  and  a  sharp  penetrating  taste, 
and  afiecta  vegetable  blues  as  uncombined  alkalies  do.     It  dis- 
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8olw  in  twice  its  weight  of  cold  or  an  equal  weight  of  boiling 
witer.  When  exposed  to  the  atmosphere,  it  loses  weight  very 
U$tf  ceases  to  be  transparent,  loses  its  odour,  becomes  brittle 
and  easily  reducible  to  powder ;  (H.  1.  409.)  and  ceases  to  act 
apon  turmeric  paper.  In  this  state  it  may  be  considered  as  an 
Hgfdrafed  bicarbonate  of  ammonia^  and  is  composed^  accord- 
ing to  Phillips,  of 

2  Proportionals  of  Carbonic  acid  .  .  22  x  2  =  44 

1  Ditto Ammonia  ....  =17 

2  Ditto Water 9  X  2  =  18 

79     B. 

It  has  therefore  lost,  by  exposure,  1  atom  of  acid  and  one  atom 
of  base. 

671.  By  varying  the  properties  of  the  ingredients,  and  the 
regulation  of  tlie  heat,  it  is  possible  to  obtain  a  bi-carbonate  at 
once  by  sublimation.     {Jinnals  of  Philos.  N.  S.  iii.  110.) 

672i  Carbon  and  Chlorine. — ^Mr  Faraday  has  ascertained  ^j^^.^^^^^^^ 
that,  by  exposing carburetted  hydrogen,  mixed  with  great  excess  lonandchio. 
of  dilorine«  to  the  action  of  light,  a  white  crystalline  substance  ""'' 
is  formed,  which,  when  purified  by  washing  with  water,  is  a 
perehloride  qf  carbon, 

673.  To  procure  this  substance  a  retort  or  other  glass  vessel  Procm. 
of  the  capacity  of  about  200  cubic  inches,  provided  with  a  brass 
cap  and  stop-cock,  is  first  to  be  exhausted  by  the  air-pump,  and 
then  made  to  communicate  with  a  jar  filled  with  chlorine.  It 
is  next  to  be  screwed  on  a  vessel  fullof  olefiant  gas,  and  as  much 
as  can  find  admission  having  entered,  the  cock  is  to  be  shut,  and 
the  whole  left  for  a  short  time.  When  the  fluid,  composed  of 
chlorine  and  olefiant  gases,  has  formed  and  condensed  on  the 
sides  of  the  vessel,  the  vessel  is  again  to  be  placed  over  olefiant 
gas,  and  a  further  portion  admitted.  This  process  is  to  be 
repeated,  till  all  the  chlorine  has  united  to  form  the  fluid,  and 
the  vessel  remains  full  of  olefiant  gas.  Chlorine  is  then  to  be 
admitted  by  repeated  portions,  in  consequence  of  which  more  of 
the  fluid  is  formed,  and  ultimately  a  large  portion  is  obtained, 
with  an  atmosphere  of  chlorine  above  it.  The  vessel  is  now  to 
be  exposed  to  the  sun's  rays,  which  cause  the  immediate  forma- 
tion of  muriatic  acid  gas.  This  may  be  absorbed  by  admitting 
a  small  portion  of  water ;  and  then  another  atmosphere  of  chlo- 
rine is  to  be  introduced.  Again  exposed  to  the  light,  this  will 
partly  combine  with  the  carbon,  and  partly  form  muriatic  acid 
gas,  which,  being,  as  before,  absorbed  by  water,  leaves  space 
for  more  chlorine.  Repeating  this  action,  the  fluid  gradually 
becomes  thick  and  opaque,  from  the  formation  of  crystals  in  it, 
which  at  last  adhere  to  the  sides  of  the  vessel  as  it  is  turned 
round  :  and  ultimately  the  vessel  contains  only  chlorine^  with 
the  accumulated  impurities  of  the  gases;  a  strong  solution  of 
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muriatic  acid  coloured  blue  by  its  aciion  on  the  brass  ;  and  the 
solid  substance  in  question. 

In  order  to  cleanse  ihc  substance,  the  remaining  gases  are  first 
to  be  blown  out  of  the  vessel  by  a  pair  of  bellows,  and  the 
vessel  is  then  lo  be  filled  with  water  to  wash  away  the  muriatic 
acid  and  other  soluble  matters.  The  new  substance  is  then  to  be 
detached  from  the  inside  of  llie  vessel,  and  poured  with  the 
water  into  ajar.  A  little  alcohol  will  remove  ihe  last  portions 
which  adhere  lo  the  glass,  and,  when  poui-cci  into  the  water,  wiD 
precipitate  the  new  compound,  which  must  be  collected  on  t 
fillrc.  and  dried  as  much  as  possible  by  pressure  between  foldi 
of  bibulous  paper.  It  must  next  be  introduced  into  a  glass  tube, 
and  sublimed  by  a  spirit  lamp.  A  part  will  be  decomposed, 
but  the  sublimed  portion  is  to  be  dissolved  in  alcohol,  and  pour- 
ed into  a  weak  solution  of  potash,  by  which  ihe  new  substance 
is  thrown  down,  and  the  muriatic  acid  neutralized  and  separated. 
Then  wash  away  the  potash  and  muriate  by  repealed  aff.jsions 
of  water,  until  the  substance  remains  pure  ;  collect  it  on  a  tihti, 
and  dry  it,  first  by  pressure  between  folds  of  paper,  and  after- 
wards by  sulphuric  acid  under  the  exhausred  receiver  of  an  aii^ 
pump.  It  will  now  appear  as  a  white  pulverulent  substance; 
and,  if  perfectly  pure,  will  not,  when  a  little  is  sublimed  in  i 
tube,  leave  the  slightest  trace  of  carbon,  or  afford  any  luuriatie 
acid,  A  small  portion,  dissolved  in  ether,  should  give  no  pre- 
cipitate with  nitrate  of  silver.  If  not  quite  pure,  it  must  be 
re  sublimed,  washed,  and  dried,  as  often  as  is  necessary.  H.  1. 
350 

G74.  This  substance  is  nearly  tasteless  ;  its  odour  resemblet 
cnmphori  its  specific  jcravily  is  about  2  ;  it  is  a  nonconductor 
of  electricity.  It  is  volatile,  and  in  close  vessels  fuses  at  380*, 
and  boils  at  360°.  It  is  not  very  combustible,  but  burns  when 
held  in  the  flame  of  a  spirit  lamp,  with  the  emission  of  much 
smoke  and  acid  fumes.  It  is  insoluble  in  waler,  but  readily  solu- 
ble in  alcohol  and  ether ;  tluse  solutions  deposit  arborescent  and 
quadrangular  crystals,  ii  also  dissolves  in  vulaiile  and  fixed 
oils.  It  is  scarcely  acted  upon  by  aikniine  and  acid  solutions; 
but  most  of  the  melals  decompose  ihis  substance  at  a  red  heat. 
Potassium  burns  brillionlly  in  its  vapour,  causing  the  deposition 
of  carbon,  and  the  production  of  chloride  of  potassium.  The 
metallic  oxides  also  decompose  it  at  hi^h  temperatures,  produc- 
ing metallic  chlorides,  and  carbonic  aiid  or  oxide,  according  to 
the  proportion  of  oxygen  present ;  no  water  is  produced,  stiow- 
in_s;  ihe  absence  of  hydrogen  in  the  compound, 

675.  In  forming  this  substance,  Mr  Faraday  believes  that  five 
volumes  of  chlorine  gas  saturate  one  of  olefiant,  and  produee 
four  volumes  of  muriatic  acid  gas  ;  that  three  volumes  of  tbe 
chlorine  combine  wilh  the  ttvo  volumes  of  charcoal  existing  ia 
the  defiant  gas  to  form  the  crystalline  solid  ;  and  that  when 
chlorine  acts  on  the  fluid  compound  of  chlorine  and  olefiant  gas, 
for  every  volume  of  chlorine  tliat  combines,  an  equal  volume  (^ 
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bydmnn  is  separated.     The  results  of  its  decomposition  by 
per-oxide  of  copper,  confirm  these  views,  and  tend  to  establish  compotitioB. 
that  the  composition  of  per-chloride  is 

3  atoms  of  chlorine =  108 

2  ditto  of  carbon      =     12 


Weight  of  its  atom  ...  120.     H.  351. 

676.  When  the  above  perchloride  of  carbon  is  passed  through 
a  red-hot  tube,  containing  frngments  of  rock-crystal  to  increase 
the  heated  surface,  it  gives  off  a  portion  of  chlorine,  and  is  con- 
verted into  a  liquid  protochloride  of  carbon.  It  is  a  limpid 
colourless  fluid,  specific  gravity  1,55,  and  not  combustible,  ex-  ridlof  mc^ 
cept  retained  in  the  flame  of  the  spirit-lamp,  when  it  burns  '*''°* 
with  a  yellow  flame,  much  smoke,  and  fumes  of  muriatic  acid. 
It  does  not  congeal  at  0^;  it  rises  in  vapour  at  about  165^.  It 
is  insoluble  in  water,  but  soluble  in  alcohol,  ether,  and  the  oils. 
It  is  not  affected  by  the  acids  or  alkalies,  nor  at  common  temper- 
atures, by  solutions  of  silver.  It  dissolves  chlorine,  iodine, 
sulphur,  and  phosphorus.  It  affords,  when  decomposed,  17 
carbon  -f*  ®^  chlorine ;  whence  it  may  be  inferred  to  consist  of 

1  Proportional  carbon =    6 

1  Ditto  chlorine =  36 
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677.  Sulhchloride  of  Carbon. — A  third  compound  of  chlo-  ^^^^  cMoHd* 
rine  and.  carbon  was  brought  from  Sweden  by  M.  Jul  in,  of  of  carbon. 
Abo,  where  it  had  been  accidentally  formed  during  the  distilla- 
tion of  nitric  acid  from  crude  nitre  and  sulphate  of  iron.  The 
quantity  produced  at  each  process  did  not  exceed  a  few  grains, 
whieh  condensed  in  fine  white  feathery  crystals  in  a  glass  tube 
connecting  the  first  and  second  receiver.  Its  properties  are 
described  by  M.  Julin  as  follows :  {.dnn,  of  Phil.  N.  S.  i.  21(i.) 

678.  It  is  white ;  consists  of  small  soft  adhesive  fibres ;  sinks  propertiei. 
slowly  in  water;  is  insoluble  in  it  whether  hot  or  cold;  is  taste- 
less ;  has  a  peculiar  smell,  somewhat  resembling  spermaceti ;  is 

not  acted  upon  by  concentrated  and  boiling  acids  or  alkalies, 
except  that  some  of  them  dissolve  a  small  portion  of  sulphur ; 
dissolves  in  hot  oil  of  turpentine  and  in  alcohol,  but  most  of  it 
crystallizes  in  needles  on  cooling;  burns  in  the  flame  of  a  lamp 
with  a  greenish  blue  flame,  and  a  slight  smell  of  chlorine ;  when 
heated  melts,  boils,  and  sublimes  between  350^  and  450^  Fahr., 
or  sublimes  slowly  at  a  heat  of  250^,  forming  long  needles. 
Potassium  burns  with  a  vivid  flame  in  its  vapour,  and  charcoal 
is  deposited  ;  and  a  solution  of  the  residuum  in  nitric  acid  gives 
a  copious  precipitate  with  nitrate  of  silver. 

679.  A  small  quantity  of  this  substance,  having  been  pat  into 
the  hands  of  Messrs  R.  Phillips  and  Faraday,  has  been  made 
by  them  the  subject  of  analysis.     They  found  that  it  might 
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readily  be  purilied  from  sulphur  by  boiling  in  liquid  potasll, 
washing  in  wnicr,  drying  and  subiiming,  when  it  formed  beauti- 
ful acicular  crystals,  in  the  form  of  four-sided  prisma, 

680,  It  was  decomposed  into  chlorine  and  charcoal  by  being 
passed  over  red  hot  fragments  of  rock  crystal.  Its  vapour, 
being  delonaled  over  mercury  with  excess  of  oxygen,  gave  car- 
bonic acid  gas  and  chloride  of  mercury.  Wlien  heated  wilJi 
phosphorus,  iron,  or  tin,  chlorides  of  those  substances  were 
formed,  and  charcoal  deposited.  iLs  analysis  was  effected  ia 
two  ways;  by  being  transmitted  over  ignited  peroxide  of  cop- 
per, and  over  dry  quick-lime.  Both  processes  gave  resnlti 
which  conspire  to  show  that  il  is  constituted  of 

1  atom  of  chlorine 36  ^^ 

2  atoms  of  carbon      12  JH 

Weight  of  its  atom  ....    48  ^B 

Messrs  Phillips  and  Faraday  have  not  given  any  name  to  1 
this  compound.     Jt  may  be  called,  provisionally,  the  sub-chlo- 
ride of  carbon. 

681.  Thus  we  have  three  distinct  compounds  of  chlorine  ud 
carbon,  viz. 

At.  or  Cblar.     At-  of  Cirii. 

The  per-chloride 3     -|-     2 

The  proto-chloride 1     +     1 

The  sub-chloride 1     -j-     3 

It  is  probable  that  another  chloride  of  carbon  will  hereafter 
be  found,  consisting  of  two  atoms  of  chlorine  and  one  of  carboo. 
H.  1.  354. 

GS2.    Carbon    and    Hi/drogen — Carbiiretled    Hydrogetk— 
Olefiant  Gas — Hydroguret  of  Carbon. — Carbon  and  hydrogen 
combine  and  form  olefiant  gas,   consisting  of  1  proportional  of 
carbon -|-1  of  hydrogen.     Its  composition  will  be 
12  carbon 
2  hydrogen 

14 

683.  It  is  usually  obtained  by  the  decomposition  of  alcohol 
by  sulphuric  acid.  For  this  purpose  four  parts  of  the  acid  and 
one  of  alcohol  are  put  into  a  returl,  and  heated  by  a  lamp. 
Soon  afler  the  mixture  boils  llie  gas  is  evolved.  It  may  be 
collected  over  water;  its  specific  gravity  to  hydrogen  is  14. 
100  cubic  inches  weigh  29.638  grains. 

684,  This  gas  is  inflammable,  burning  with  a  bright  yellow- 
ish white  flame.  One  part  by  volume  requires,  for  perfect 
combustion,  three  of  oxygen,  and  two  of  carbonic  acid  are  pro- 
duced. When  sulphur  is  healed  in  one  volume  of  this  gas^ 
charcoal  separates,  and  two  volumes  of  sulphuretted  hydrogen 
result.  As  hydrogen  suffers  no  change  of  volume  by  com- 
bining with  sulphur,  it  follows  that  olefiant  gas  contains  two 


J  two  volumes  of  each  condensed  to  one. 
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▼ohnnes  of  hydrogen  condensed  into  one,  hence  the  quantity  of 
oxyg^D  required  for  its  combustion. 

685.  This  gas  is  also  decomposed  by  heat  alone,  as  by  passing 

lod  repassing  it  through  a  red-hot  tube  of  earthenware  or  metal  ^  tio^" 
it  then  deposits  its  carbon,  and  is  expanded  into  twice  its  origi- 
nal Tolume  of  pure  hydrogen. 

686.  The  following  symbols  show  that  one  volume  or  pro- 
portioDal  of  this  gas,  mixed  with  three  of  oxygen,  are  converted 
into  water  and  carbonic  acid,  the  hydrogen  being  expanded  to 
two  Tolumes,  or  its  real  bulk. 

Before  detonation. 


C.  Hjrdrof^en. 
•+I 

Ozjfen 
8. 

- 

8. 

« 

8. 

After  detonation. 


Caiboo 
6. 

OxTfen 
8. 

8. 

This  gas,  therfore,  is  constituted  of  1  proportional  of  carbon 
=3  6-f- 1  proportional  of  hydrogen  =  1,  and  its  number  is  7. 

687.  When  carburetted  hydrogen  is  mixed  with  chlorine  in  prodacMmu. 
the  poportion  of  1  to  2  by  volume,  the  mixture  on  inflamma-  nntic  »cid 
tioD  produces  muriatic  acid,  and  charcoal  is  abundantly  deposit-  "*'  ^  ^"°*' 
ed ;  iNit  if  the  two  gases  be  mixed  in  an  exhausted  vessel,  or 

over  water,  they  act  slowly  upon  each  other,  and  a  peculiar 
fluid  is  formed,  which  appears  like  a  heavy  oil ;  hence  this 
compoand  has  been  termed  okfiant  gas. 

688.  Chloric  ether  is  the  term  applied  to  this  fluid  by  Dr  chioriceth«r. 
Thomson,  who  in  1810,  ascertained  that  its  component  parts 

were  chlorine  and  carburetted  hydrogen.  It  has  more  lately 
been  examined  by  M.  M.  Robiquet  and  Colin  {Jlnnales  de 
Chim.  et  Phys.  Vol.  i.  and  ii.)  The  term  hydrochl(fride  of 
eai^on  may  properly  be  applied  to  it.  It  may  be  formed  by 
aUowing  a  current  of  each  gas  to  meet  in  a  proper  receiver ; 
there  should  be  excess  of  olefiant  gas,  for  if  the  chlorine  be  in 
exoeasy  the  liquid  absorbs  it.  It  is  transparent  and  colourless ; 
its  taste^  sweet  and  somewhat  acrid  ;  its  specific  gravity  s  1,2. 
It  boils  at  152^.  It  burns  with  a  green  flame,  evolving  mu- 
riatic addy  and  largely  depositing  charcoal.     As  it  is  produced 
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hy  equal  Tolimies  of  chlorine  and  carburettcd  hydrogen,  it  is 
probably  a  compnund  of  one  proporlional  of  chlorine  and  two 
of  carburctled  hydrogen ;  or  of 

Chlorine 3fi 

Carbon      12 

Hydrogen 2 


6S9.  From  some  recent  esperimenls  made  at  the  Royal  insti- 
tution by  Mr  Faraday,  it  appears  that,  by  exposing  this  hydro-     . 
chloride  of  carbon  to  the  action  of  excess  of  chlorine,  muriatic    , 
acid  and  chloride  of  carbon  are  the  results. 

090,  When  iodine  and  carburelted  hydrogen  are  exposed  lo  | 
the  action  of  light  they  combine,  and  form  a  kydriodide  of 
carbon.  This  compound  was  first  obtained  in  ihe  Laboratory 
of  the  Royal  Institution,  by  Mr  Faraday;  and,  reasoning  ana- 
logically upon  the  fads  already  staled,  in  respect  to  the  chlo- 
ride of  carbon,  it  is  probable  that  it  may  lead  to  the  discovery 
of  an  iodide  of  carbon,  but  that  compound  has  not  as  yet  been 
formed. 

The  hydrioilide  of  carbon  is  a  white  cryslalline  solid,  volatile 
without  decomposition,  and  in  many  respects  analogous  to  the 
hydrochloride  of  carbon;  its  Laste  is  sweet  and  its  odour  aro- 
matic. 

(iOl.  A  gas,  containing  carburetled  hydrogen,  is  often  gener- 
ated in  stagnant  ponds;  and  by  passing  the  vapour  of  water 
over  red-hot  charcoal,  or  by  distilling  moist  charcoal  in  an  iron 
retort,  at  a  red  heat,  and  washing  the  gas  thus  afforded  in  lime- 
water,  by  which  the  carbonic  acid  is  separated,  a  similar  com- 
pound is  said  to  be  obtained. 

The  specific  gravity  of  these  gases  is  liable  to  great  varia- 
tion, 100  cubical  inches  weigh  from  12  to  20  grains. 

They  burn  with  a  paler  flame,  and  require  less  oxygen  than 
olefiant  gas  for  perfect  combustion. 

692.  It  has  generally  been  slated  that  these  gases  contain  a 
defiMite  compound  of  1  proportional  of  carbon  and  2  of  hydro- 
gen, to  wliich  the  term  bi-hydrogurel  of  carbon,  or  light 
hydrocarbonale  has  been  applied.  From  many  experiments, 
however,  on  this  subject,  I*  am  induced  to  consider  them  ss 
mixtures  of  olefiant  gas  and  hydrogen,  since  I  have  never  been 
able  to  obtain  any  oilier  definite  compound  of  carbon  and  hydro- 
gen, than  olefiant  g.is;  and  since  ihey  may  be  imitated  by  mix- 
lures  of  olefiant  and  hydrogen  gases,  of  the  same  specific  gravities.' 

693.  These  mixtures  are  abundantly  produced  during  the 
destructive  distillation  of  common  pit-coal ;  and  the  gas  thus 
obtained  is  employed  for  the  purposes  of  illumination,  ss  an 
economical  substitute  for  tallow,  oil,  &c.  The  process  is  carri- 
ed on  upon  a  very  extensive  scale  in  Europe,  in  several  public 
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and  many  private  establishments.  The  coal  is  placed  in  oblong 
ent-iron  eylinders,  or  retorts,  which  are  ranged  in  furnaces  to 
keep  ihem  at  a  red  heat,  and  all  the  volatile  products  are  con- 
▼eyed  by  a  common  tube  into  a  condensing  vessel,  kept  cold 
bj  immersion  in  water ;  and  in  which  the  water,  tar,  ammo* 
niaeal,  and  other  condensible  vapours,  are  retained  ;  the  gaseous 
products  consist  principally  of  carburetted  hydrogen,  sulphu- 
retted hydrogen,  and  carbonic  oxide  and  acid ;  these  are  passed  . 
throaf^h  a  mixture  of  quicklime  and  water  in  vessels  called 
jnarifiers,  by  whiih  the  sulphuretted  hydrogen  and  carbonic 
gases  are  absorbed,  and  the  carburetted  hydrogen  and  hydro- 
gen gases,  transmitted  sufficiently  pure  for  use  into  gasotneters, 
whence  the  pipes  issue  for  the  supply  of  streets,  houses,  &c. 
The  coke  remaining  in  the  retorts  is  of  a  very  good  quality.* 

694.  The  average  specific  gravity  of  purified  coal-gas  is 
0,4500.  100  cubical  inches  weigh  from  14  to  15  grains,  and  it 
may  be  eonsidered  as  a  mixture  of  about  55  volumes  of  hydro- 
gen, and  45  of  olefiant  gas. 

695.  The  best  kind  of  coal  for  distillation  is  that  which  con- 
tains most  bitumen  and  least  sulphur.  The  chaldron  should 
yield  about  12000  cubical  feet  of  purified  gas,  of  which  each 
Argand't  burner,  equal  to  six  wax  candles,  may  be  considered 
as  conaaming  from  four  to  five  cubical  feet  per  hour. 

696.  The  economy  of  gas  illumination  may  be  judged  of  by 
examining  the  value  of  the  products  of  distillation  of  a  chaldron 
of  coals,  the  average  cost  of  which  may  be  considered  as  3/. 
It  sboold  aflbrd — 

U  Chaldron  of  coke,  at  95i lit    3 

24    Gallons  of  tar  and  ammoniacal  liquor,  at  34/.  0    6    0 
12000    Cubic  feet  of  gas,  at  1S#.  per  1000  C.F.  •  •  .  9    0    0 

£10  17    3 

These  products  are  taken  at  their  lowest  value,  but  they  af- 
ford ample  grounds  for  showing  the  advantage  of  gas  illumina- 
tion, not  merely  for  public  purposes,  but  also  in  private  estab- 
lishments, it  appears  that  where  more  than  fifty  lights  are  re- 
quired, a  coal-gas  apparatus  will  be  found  profitable. 

697.  Messrs.  J.  and  P.  Taylor   have  lately  constructed  an  qj, 
a]q>aratus  for  the  conversion  of  oil  into  gas.     It  consists  of  a 
furnace  with  a  contorted  iron  tube  containing  fragments  of  brick 

or  coke,  passing  through  it,  into  which,  when  red-hot,  the  oil 
is  suffered  to  drop ;  it  is  decomposed,  and  converted  almost 
entirely  into  charcoal,  which  is  deposited  in  the  tube,  and  into  a 
mixture  of  carburetted  hydrogen,  and  hydrogen  gases,  of  which 

^MErPulEcr,  of  LiTerpool,  {JPkH.Mmg,  VoI.Iu.  p.  393.)  has  propoted  to  pass  the  gas  at  it  conea 
TrMitlMeoal  retorta  throagh  red  hot  iron  Uibea.  hj  which  tba  oontaminating  pMes  and  vapoun  ar« 
Wtbcr  deconpoaed,  aod  the  qnantttj  of  luefal  gas  much  increaaed.  This  tugfeBtion,  if  it  succeededt 
*oald  yreatlj  diminiah  the  qnantitj  of  tar.  which  is  the  onlj  uaelest  product ;  but  as  cari>iiratted 
■ydrogea  b  deeooposed  at »  red  heat,  it  will  obviouilj  tend  to  dimiiuth  the  illuminatiDg  power  of  the 
:«.  thoof  h  it  will  iocreaae  iU  quantity. 
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from  two  to  three  cubic  feet  may  be  rep:arded  as  equivalent'  to 
five  or  SIX  of  coal-^as,  for  the  production  of  light — Quarjerly 
Journal^  Vol.  viii.* 

The  commonest  whale  oil,  or  even  piIchard-dregS|  quite  unfit 
for  burning  in  the  usual  way,  afford  abundance  of  excellent  gas, 
requiring  no  other  purification  than  passing  through  a  refrigera- 
tor to  free  it  from  a  quantity  of  empyreumatic  vapour^ 

698.  A  gallon  of  whale-oil  affords  about  100  cubical  feet  of 
gas,  and  an  Ars:ard  burner,  equal  to  seven  candles,  consumes  i 
cubical  foot  ami  a  half  per  hour.  The  cost  of  a  lamp  fed  by  oil 
or  coal  gas,  and  giving  the  light  of  seven  candles  will  be  3  far- 
tilings  per  hour. 

Of  Anrand^s  lamp  with  spermaceti  oil 9d^ 

MouId-c«ndIe8 • ...•••••3^' 

Wax-caDciles • 14 

699.  By  a  series  of  experiments,  conducted  with  every  requi- 
site caution  (Phil.  Trans.  1820,  p.  23.)  Professor  Brande  found 
that,  to  produce  the  light  of  ten  wax  candles  for  one  hour^  there 
were  required 

2600  cubical  inches  of  pure  carburetted  hjdro^en  or  ofefiaBt  gif. 

4865 oU  Ktf. 

13120 coal  gw.t 

700.  The  fitness  of  the  gas  obtained  from  coal  for  the  pur- 
poses of  illumination,  is,  ceteris  paribus,  dependent  upon  the 
quantity  of  carburetted  hydrogen,  or  olefiant  gas,  which  it 
contains;  and,  consequently,  the  fitness  of  the  purified  mixed 
gas  for  illumination,  will  be  directly  as  its  specific  gravity ;  or, 
the  relative  proportion  of  olefiant  gas,  may  be  judged  of  by 
mixing  the  purified  coal  gas  with  twice  its  volume  of  chlorine 
over  water,  by  which  the  olefiant  gas  will  be  absorbed,  and  its 
quantity  shown  by  the  amount  of  the  absorption  which  takes 
place. 

701.  Experiments,  thus  conducted,  show  that  purified  coal 
gas  seldom  contains  more  than  40  per  cent,  in  volume  of  car- 
buretted hydrogen,  while  oil  gas  generally  afibrds  about  75  per 
cent.;  hence  its  superiority  for  burning,  and  the  relatively  small 
quantity  consumed. 

*A  coDTenient  ■pparatu  for  obtaimng^  oil  gtu,  in  tdficient  qimntitjr  for  tti«  cibibitioB  if  iU 
prop«itiet.  It  reprraeoted  by  fif  111.  a  is  a  veatel  of  cast  iron  about  16  inehct  ia  4eptk«  »ai  8  it 
dtanieter  at  iu upper  put;  havinf  a  c«»t  iron  cover,  with  two  opcninft,  to  the  miuiIImI  of  wUdw  • 
copper  pipe  leadti^  from  a  fonncl-thaped  oil  venel  b,  it  secured  by  brajiin; ;  into  the  laiftr  afCMC 
a  fan  barrel  e  is  screwed  which  enters  a  small  copper  condensing  ressel  d  famished  with  a  cock  ftr 
drawinf  off  any  oil.  or  condensible  ▼apors  that  may  pass  oTcr.  Frmd  the  upper  port  of  tbo 
a  copper  or  lead  pipe  issues,  which  conveys  the  gas  to  a  gasometer.  When  ml  f  ua  is  to  bo 
the  vessel  fr  is  fillrd  with  oil,  and  the  pieces  of  bricks  an*  pot  into  the  ratort  a,  the  cover  iatbooi 
by  a  rod  of  iron  passing  through  the  ears  *  e,  and  the  joint  is  made  tight  by  a  miitora  of  aboalS  parti 
of  muriate  of  ammonis,  1  of  sulphur  and  SO  of  cast  iron  filings  or  borings*  made  into  o  poili  wA 
water.*  This  retort  may  be  placed  in  any  convenient  funace,  nod  when  heated  to  rednoM  Ito  at^f 
is  tamed  so  as  to  allow  the  oil  to  past  drop  by  drop. 

fit  seems  probable  that  the  coal  g^t,  employed  in  theae  evperfments,  was  bolow  tb«  gnenl  llu'* 
ard,  and  that  it  was  a  f&ir  average  to  consider  one  vol.  of  oU  gai  at  oqaiTalaBt  to  f  or  at  BoKil 
volumes  of  gas  from  coal  of  good  quality*    H. 

*  This  cement  should  be  allowod  to  becMM  bard  bcfiwa  A*  appwatM  it  mod. 


* 


Dr  Henry  [PhlL  Tram.  1S08,)  has  given  some  important 
Vqwrimenlsupon  the  production   of  ^s  from  coal,  by  whicli  it 

Pthat  lis  composition  is  various  al  ilifferenl  stages  of  the 
on.     The  nioJe  of  dislillation  also  afftcts  tlic  qtianiity 
Bly  of  the  producls. 
An  account  of  the  apparatus  for  the  production  of  coal 

ps,  and  of  its  construction  and  expense,  will   he  found  in  the 
Treatises  on  Gas  Lights,  by  Mr  Accum  and  Mr  Peckslon. 

703.  A  mixture  of  carburetted  hydrogen  and  hydrogen  is  con- 
tained abundantly  in  coal  strata,  from  fissures  in  which  it  is 
aomctimes  evolved  in  lar^  quantities,  forming  what  in  the  lan- 
guage of  the  north  country  miners,  is  called  a  blower.  When 
Uiis  gas  is  accumulated  in  any  part  of  the  calk-ry  or  chamber  of 
amine,  so  as  to  be  mixed  in  certain  proportions  with  common 
(ir,  the  presence  of  a  lighted  candle,  or  lamp,  causes  it  to 
explode,  and  to  destroy,  injure,  or  burn  whatever  is  exposed  to 
tti  violence.  The  miners  are  either  immcilialely  killed  by  the 
explosion,  and  thrown  with  the  horses  and  machinery,  through 
the  shaft  into  ihe  air.  the  mine  becoming  as  it  were  an  enor- 
mous piece  of  artillery  from  which  they  are  projecied  ;  or  they 
are  gradually  suffocated,  and  undergo  a  more  painful  death  from 
ihe  carbonic  acid  and  nitrogen  remaining  in  the  mine,  after  the 
explosion  of  the  Jire  damp;  or  what,  though  it  appears  the 
mildest,  ts  perhaps  the  most  severe  fate,  they  are  burned  or 
maimed,  and  often  rendered  incapable  of  labour  and  of  healthy 
enjoyment  for  life. — Davy,  on  the  Safety-Lamp  for  Coal 
Sliners,  London,  181S. 

Sir  H.  Davy,  in  the  treatise  just  quoted,  h.-)s  given  a  sketch  SkTcif  h 
of  different,  but  ineffectual,  contrivances  of  others,  for  the  pre- 
Tentioa  of  these  dreadful,  and  hitherto  frequently  occurring, 
accidents  ;  and  has  described  the  train  of  investigation  by  which 
be  wu  led  to  the  discovery  of  a  remedy  at  onee  simple  and 
efficient,  and  which  has  already  been  submitted  to  repeated  and  • 
succuMfnl  trials. 

704.  The  properties  of  flame,  and  the  principle  of  safety 
adopted  in  this  lamp,  have  already  been  adverted  to  (182).  It 
u  obviooa,  from  what  has  there  been  said,  that  if  the  flameof  a 
eommon  lamp  be  every  where  properly  surrounded  with  a 
wire-gauze,  aodin  thai  state  immersed  into  an  explosive  gaseous 
niztore,  it  will  be  inadequate  to  its  inflammation,  that  part  only 
being  burned  which  is  toil/tin  the  cage,  communication  to  the 
infiammable  air  without  being  prevented  by  the  cooling  power 
of  the  metallic  tissue ;  so  that  by  such  a  lamp  the  explosive 
mixture  will  be  consumed,  but  cannot  be  exploded. 

705.  Fig.  US  is  a  representation  of  the  safety  lamp,  as  recom-  ' 
mended  for  general  use  by  Sir  H.  Davy,  o  is  a  cylinder  of 
wire  gauze,  with  a  double  top,  securely  and  carefully  fastened, 
by  doubling  over,  to  the  brass  rim  b,  which  screws  on  the 
lamp  c.  The  whole  is  protected  and  rendered  convenient  for 
carrying,  by  the  frame  and  ring  d.     If  the  cylinder  be  of  twill- 
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ed  wire-guaze,  Ihc  wire  should  be  at  least  of  Ihe  thickness  of 
one-fortieth  of  an  inch,  and  of  iron  or  copper,  and  30  in  tbe 
warp,  and  16  or  IS  in  the  weft.  If  of  plain  wire  gauze,  the 
wire  should  not  be  less  than  one-sixtieth  of  an  inch  in  thick- 
ness, and  from  23  to  30  both  warp  and  woof. — Davy,  on  the 
Hafeti/  Lamp,  p.  114,  et  seg. 

The  operation  of  this  lamp  may  be  shown  on  a  small  scale 
by  suspending  it  in  a  glass  jar,  and  then  admitting  a  sufficient 
stream  of  coal  gas  lo  render  the  enclosed  atmosphere  explosive. 
The  flame  of  the  lamp  first  enlargeH,  and  is  then  extinguished, 
the  whole  of  the  cage  being  filled  with  a  lambent  blue  light ;  on 
turning  off  the  supply  of  Ihe  gas  this  appearance  gradually 
ceases,  and  the  wick  becomes  rekindled,  when  the  atmosphere 
returns  lo  its  natural  slate. 

When  a  small  coil  of  platinum  wire  is  hung  above  the  wick 
of  the  lamp  within  the  wire  gauze  cylinder,  the  metal  continun 
to  glow,  long  after  the  lamp  is  extinguished,  and  afifords  WpA 
enough  to  guide  the  miner  in  what  would  otherwise  be  impeo- 
ctrable  darkness.  In  this  case  the  combustion  of  the  fire  damp 
is  continued  so  slowly,  and  at  so  low  a  temperature,  as  not  10 
be  adequate  to  that  ignition  of  gaseous  matter,  which  coostittllw 
flame,  though  it  excites  a  temperature  sufficient  to  render  pb- 
tinum  wire  luminous. 

As  the  safety  of  these  lamps  entirely  depends  upon  thepe^ 
feet  state  of  the  wire  gauze,  and  upon  the  non-existence  of  mj 
aperture  or  channel  sufficiently  large  to  admit  of  the  passage  of 
flame,  they  should,  when  used  in  a  coat  mine,  be  inspected 
daily  to  ensure  their  soundness  in  these  respects. 

706.  The  analysis  of  a  mixture  of  hydrogen  with  carburetted 
hydrogen,  carbonic  oxide,  and  carbonic  acid,  presents  peculiar 
difficulties  in  the  ordinary  mode  of  proceeding;  and  as  it  often 
requires  to  be  performed  in  investigations  relating  to  the  gases 
used  for  illumination,  it  became  an  object  to  facilitate  the  pro- 
cess, for  which  I  have  used  ihe  following  plan.    (Brande.) 

A  hundred  measures  of  the  gas  are  introduced  into  a  gradu- 
ated tube,  and  Ihc  carbonic  acid  absorbed  by  a  solution  of 
potassa;  the  remaining  gas  is  then  transferred  to  thrice  its 
volume  of  chlorine  of  known  purity,  standing  over  water  in  a 
lube  of  about  half  an  inch  in  diameter,  and  exposed  lo  daylight, 
hut  carefully  excluded  from  the  direct  solar  rays ;  after  24  hours 
ihe  carburetted  hydrogen  and  the  excess  of  chlorine  will  have 
been  absorbed,  and  the  remaining  gas,  consisting  of  carbonic 
oxide  and  hydrogen,  may  be  analyzed  by  detonation  with  oxy- 
gen in  excess  ;  the  measure  of  carbonic  acid  formed  being  equal 
to  that  of  the  original  carbonic  oxide. 

This  proceeding  depends  upon  the  non-formation  of  chloro- 
carbonic  (642)  acid  in  a  mixture  of  carbonic  oxide  and  chlorine 
in  the  contact  of  waier,  and  outof  the  direct  agency  of  the  solar 
rays.  Such  mixture  has  been  kept  several  days,  occasionally  re- 
newing the  chlorine  as  it  became  absorbed  by  the  water,  and  on 
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dimiaation  in  the  bulk  of  the  carboaic  oxide  has  been  observed. 
In  all  these  cases  it  is  necessary  to  ascertain  the  purity  of  the 
ehiorine  by  its  absorption  by  water,  and  to  be  aware  of  the 
evolution  of  common  air  from  water  during  that  process. 

707,  When  oil  gas  is  compressed  a  colourless  fluid  is  deposit-  Bi.ci^„gt 
edy  w^btch  is  nearly  insoluble  in  water,  but  soluble  in  alcohol,  of  Hydrogen. 
ether  and  oils.  It  burns  with  a  dense  flame,  and  is  distinguish- 
ed from  the  oil  from  which  it  originated,  by  not  being  acted 
upon  to  any  extent,  by  solutions  of  alkalies.  Part  of  this  fluid 
is  voUtile  at  60^,  while  other  parts  are  more  fixed.  By  repeat- 
ed distillations  Mr  Faraday  obtained  from  it  a  series  of  pro- 
ducts from  the  most  to  the  least  volatile.  These  were  subjected 
to  a  loi^  temperature,  and  some  of  them  concreted  into  a  crys- 
talline mass,  and  a  substance  was  ultimately  obtained,  princi- 
pally by  pressure  at  low  temperatures,  which  proved  to  be  a 
new  compound  of  carbon  and  hydrogen.  At  common  tempe- 
ratures it  is  a  colourless  liquid,  of  specific  gravity  0,85  at  60^, 
and  has  the  odour  of  oil  gas.  Below  42^  it  is  a  solid  body 
fonniog  dendritical,  transparent  crystals.  At  0^  it  appears 
white  or  transparent,  brittle,  pulverulent,  and  of  the  hardness 
nearly  of  loaf-sugar.  It  evaporates  entirely  in  the  air  :  at  186^ 
it  boils,  furnishing  a  vapour,  which  has  a  specific  gravity  of  40 
nearly  compared  to  hydrogen  as  1.  At  a  higher  temperature 
the  vapour  is  decomposed,  depositing  carbon.  It  is  combustible, 
liberating  charcoal,  if  oxygen  be  not  abundantly  present. 

708.  This  substance  was  analysed  by  being  passed  over  red-  ^^^.^ 
hot  oxide  of  copper,  and  by  detonation  of  its  vapour  with  oxy- 
gen, and  was  found  to  consist  of 

2  proportionals  of  carbon  .  .  .* 12 

1  **  hydrogen 1 

Ts 

And  in  the  state  of  vapour  one  volume  was  found  to  consist  of 
6  proportionals  of  carbon  and  3  of  hydrogen  =  39. 
It  has  been  called  by  Mr  Faraday  Bi-^arburei  of  hydrogen. 

709.  From  the  more  volatile  portions  of  the  fluid  Mr  Fara- 
day obtained  a  product,  which,  though  gaseous  at  common 
temperatures,  condensed  into  a  liquid  at  0°.  It  was  very  com- 
bustible, and  constant  in  composition  and  properties.  Its  sp. 
gr.  was  27  or  28  in  its  gaseous  state ;  as  a  liquid  0,627 ;  being 
the  lightest  substance,  not  a  gas  or  vapour,  known.  It  was 
found  to  consist  of  1  proportional  of  carbon =6,  -f  1  of  hydro- 
gens: 1,  as  is  the  case  with  olefiant  gas;  but  these  are  so  con- 
densed and  combined,  as  to  occupy  only  one  half  the  volume 
they  do  in  that  substance.  A  volume  therefore  of  this  gas  con- 
tains 4  proportionals  of  carbon  =:24-f  4  of  hydrogen =28,  which 
is  its  specific  gravity. 

710.  Besides  the  remarkable  difierence,  thus  established,  be- 
tween this  substance  and  olefiant  gas,  it  is  also  distinguished  by 
the  action  of  chlorine,  with  which  it  forms  a  fluid  body  having 
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a  sweet  taste,  anH  resembling  hydro-chloride  of  carbon;  but 
from  which  a  chloride  ol'  carbon  cannot  be  obtained  by  the  fu^ 
ther  action  of  chlorine  and  light. 

711.  The  fluid  as  originally  obtained  when  put  into  gas  burn- 
ing with  a  blue  flame,  makes  it  produce  a  bright  white  dame; 
it  is  an  excellent  solvent  of  caoutchouc,  and  will  answer  all 
the  purposes  to  which  essential  oils  are  applied  as  solveols. 
(See  Philosophical  Mai^azine,  Ixvi.  73). 

712.  Carbon  and  Nitrogen — Carburet  of  Nitrogen — Cy- 
anogen.— This  paseous  compound  was  discovered  by  Gay-Lui- 
sac  In  1SI5.     {Jlnnales  de  CAimie,  xcv.) 

To  obtain  cyanogen,  it  is  necessary  first  to  boil  fine  powdered 
,.  red  oxide  of  mercury  with  twice  its  weight  of  prussian  blue  and 
a  sufficienl  quantity  of  water.  The  compound  is  perfectly 
neutral,  and  crystallizes  in  long  four-sided  prisms  truncated 
obliquely.  It  still,  however,  contains  a  little  iron,  which  mif 
be  separated  by  digesting  the  liquor,  before  evaporation,  with  1 
liltie  more  of  the  oxide  of  mercury,  and  saturating  the  exixst 
of  this  oxide  with  a  little  prussic  acid,  or  even  with  a  liltit 
diluted  muriatic  acid.  The  prussiate  of  mercury,  thus  obiained 
neutral  and  crj'stallized,  must  be  carefully  and  completely  dried 
at  a  temperature  below  that  of  boiling  water,  and  then  exposed 
to  heat  in  a  small  glass  retort,  or  in  a  lube  closed  at  one  extrem- 
ity. Il  first  blackens,  then  liquefies,  and  the  cyanogen  cam« 
over  in  the  form  of  a  gas,  which  may  be  collected  over  mercory, 
In  the  retort  there  remains  a  charry  matter  of  the  colour  of  soot, 
and  as  light  as  lamp  black.* 

713.  Cyanogen  is  a  true  gas,  or  permanently  elastic  fluid. 
Its  smell  is  strong,  penetrating,  and  disagreeable,  resemblit^ 
tlial  of  bitler  almonds.  It  burns  with  a  bluish  flame  mixed  with 
purple.  Its  .specific  gravity  is  to  that  of  hydrogen  as  26  to  1; 
to  common  air  as  l,80(i4  (1,S055,  T.)  to  l.t  100  cubic  inches 
at  60°  Fahr.  weigh  55  grains, 

714.  Water  at  the  temperature  of  60°  Fahr,  absorbs  almost 
4'  times  its  volume,  and  pure  alcohol  23  times  its  volume. 
The  watery  solution  reddens  litmus  ;  this,  however,  is  scarcely 
to  be  considered  as  an  effect  of  cyanogen,  but  of  the  products 
to  which  it  gives  rise  by  the  decomposition  of  water.  (  Vacqiib- 
LIN  in  ^nn.  of  Phil.  xiii.  430.)     H.  I.  439. 

The  aqueous  solution,  according  to  Vauquelin,  (Annates  de 
Chim.,  Oct.  ISIS,)  is  subject  to  spontaneous  decomposition, 
being  gradually  converted  inio  carbonic  and  hydrocyanic  acids, 
ammonia,  a  peculiar  acid  which  he  calls  the  cyanic,  and  a  brown 
substance  conlaining  carbon  ;  the  ammonia  saturates  the  acids, 
and  the  carbonaceous  compound  is  deposited.  These  changes 
are  referable  to  the  mutual  re-action  of  the  elements  of  cyanogen 
upon  those  of  walcr. 

715.  Cyanogen  may  be  analyzed  by  detonation  with  oxygen. 
One  volume,  detonated  over  mercury  with  two  of  oxygen,  pro- 
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two  volumes  of  carbonic  acid,  and  one  of  nitrogen. 
Wheoce  it  appears  that  cyanogen  consists  of  two  proportionals 
of  carbon  =  12)  and  1  of  nitrogen  =  14,  the  nitrogen  having 
nfeted  no  change  of  bulk  by  uniting  with  the  carbon  ;  or  it 
nay  be  said  to  consist  of  two  volumes  of  gaseous  carbon -f  one 
fokiineof  nitrogen,  the  three  being  condensed  into  one  volume. 
Us  representative  number  is  26. 

The  following  symbols  exhibit  the  mixture  of  cyanogen 
with  oxygen  in  the  above  proportions,  and  the  result  of  their 
detOBAlioo : 


Before  detonation. 


of  Cj»aof«a  •ad 
'iomr  of  Ozjfon* 


Odo  Moportioiud  of 
NitTOfen. 


After  detonation. 

Two  proportionalt  of  CaAonic 
Acid. 


Nitrogen 
14 


6              1 

Oxygen 
8. 

8. 

6 

8. 

• 

8. 

716.  The  solutions  of  pure  alkalies  and  alkaline  earths  absorb  j^^^^^^^^  ^ 
cyanogen ;  and  the  liquid  obtained,  when  poured  into  a  solu-  «ikaiioe  mIo. 
Lion  of  black  oxide  of  iron,  affords  prussian  blue,  but  not  with-  ^*"*' 

3Ut  the  addition  of  an  acid.  At  the  same  time,  carbonic  acid 
gas  escapes,  in  volume  equivalent  to  the  cyanogen  absorbed, 
and  there  is  a  perceptible  smell  of  prussic  acid.  These  changes 
will  be  more  evident  from  the  following  recapitulation. 

1  «a1    nf     C  =  S  vols,  char- )     decomposes      (  =  lyo].  oxj^f^n 
^      "  (Ditrogen  )      water  fdrogen. 

One  volume  of  charcoal,  uniting  with  one  volume  of  oxygen, 
forms  one  volume  of  carbonic  acid  ;  the  remaining  volume  of 
charcoal,  uniting  with  half  a  volume  of  nitrogen  and  half  a  vol- 
ume of  hydrogen,  composes  prussic  acid  ;  and  the  residuary 
half  volume  of  nitrogen  and  1^  volume  of  hydrogen  compose 
together  one  volume  of  ammonia. 

717.  When  to  two  volumes  of  charcoal  and  one  volume  of 
nitrogen,  together  constituting  cyanogen,  one  volume  of  hydro- 
gen is  joined,  and  the  whole  four  volumes  are  condensed  into 
two,  we  obtain  prussic  or  hydro-cyanic  acid.  Cyanogen 
agrees  then  with  chlorine  and  iodine,  in  being  acidifiabic  by 
union  with  hydrogen.  Hence  its  compounds  with  metallic 
bases  have  been  called  by  Gay-Lussac  cyanures  as  those  of 
chlorine  are  called  ehtarurcs.     H.  1.  441.* 

*  The  tmn  Cfrnnid^t  it  prtfonble,  ui4  in  more  f«o«i»l  me. 
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rnionercj.  718.  Cyanogcn  and  Chlorine  combine  and  produce  lh« 
lEHriS."  Cklorocyanic  acid.  M.  Gay-Lu3sac  procured  Ihis  compound 
by  passing  a  current  of  chlorine  through  a  solution  of  hydro- 
cyanic acid  (723)  in  water,  till  the  liquid  discoloured  a  diluted 
solution  of  indigo  in  sulphuric  acid.  He  then  deprived  it 
of  excess  of  chlorine  hy  agiution  with  mercury.  To  sepa- 
rate chlorocyanic  acid  from  this  liquid,  he  took  a  £;las9  cylin- 
der, filled  it  two  thirds  with  mercury,  and  then  to  the  brim 
with  the  above  liquid,  and  inverted  it  in  a  basin  of  mercury. 
This  basin  and  cylinder  were  put  under  the  receiver  of  an  air- 
pump,  and  ihe  air  drawn  out,  till  the  mercury  and  liquid  were 
displaced;  the  cylinder  became  filled  with  the  vapour  of  chlo- 
rocyanic acid ;  on  admitting  the  air,  the  vapour  condensed  into 
a  liquid,  and  the  mercury  rose  in  the  cylinder.  It  may  also  be 
obtained  by  carefully  distilling  the  liquid  into  a  receiver  sur- 
rounded by  ice. 

719.  Chlorocyanic  acid  thus  obtained  is  a  colourless  and  very 
^^     volatile  liquid,  having  a  peculiar  and  irritating  odour.      It  red- 
dens litmus ;  is  not  inflammable ;  and  does  not  form  detonating 
mixtures  either  with  oxygen  or  hydrogen. 

730.  According  to  the  analysis  of  Gay-Lussac,  this  acid  is 
constituted  of 


to},  af  gsieoui  carbon  } 

a  volume  of  nitrogen  >  comJeo 

"      "        "   cblorineS 


In  other  words  1  vol.  of  chlorine,  and  1  vol.  of  cyanogea 
produce  by  combining  2  vols,  of  chlorocyanic  acid.  Hence 
its  density  should  be  the  mean  of  those  of  its  components.  H. 
1.  -440. 

The  following  symbols  represent  its  composition  and  voluma 


781.  Iodine  and  Cyanogen  form  a  volatile  solid  compound^ 
'  which  collects   in  flocculi,  and  has  an  acrid  taste  and  pungeoi 
smell;  it  may  be  formed   by  healing  iodine  with  cyanuret  of 
mercury. — Davy.  Quart.  Journal,  i.  289. 

722.  Cyanogen  and  Hydrogen — Hydrocyanic  or  Prusiie 
acid, — This  triple  compound    may  be   obtained  by  moistening 

i  cyanuret  of  mercury  with  muriatic  acid,  and  distilling  at  a  low 
temperature,  having  surrounded  tlie  receiver  with  ice. 

723.  A  liquid  is  thus  obtained  which  has  a  strong  pungent 
odour,  very  like  that  of  bitter  almonds ;  its  taste  is  acrid,  and 
it  is  highly  poisonous.  When  a  rod  dipped  in  concentrated 
prussic  acid  is  brought  in  contact  with  the  tongue  of  an  animal, 
it  expires  before  the  rod   can  be  withdrawn.     Its  vapour  occa- 
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iMmi  nausea,  headache  and  faintness.  (See  Bigelow's  Sequel 
to  V.  S.  Pharmacopeia^  p.  49.)  It  volatilizes  so  rapidly  as 
to  freeze  itself.     It  reddens  litmus. 

724.  The  hydrocyanic  acid  is  used  in  medicine,  and  several  Preparmiioo. 
brmulae  have  been  given  for  its  preparation;  the  following 

rffaitls  the  acid  of  a  convenient  strength,  and  is  that  which  is 
idopted  at  Apothecaries'  Hall,  (Lond.)  One  pound  of  cyanuret 
af  mercury  is  put  into  a  tubulated  retort  with  six  pints  of  water, 
ud  one  pound  of  muriatic  acid,  specific  gravity  1,15;  a  capa- 
nouB  receiver  is  luted  to  the  retort,  and  six  pints  are  distilled 
over.     The  specific  gravity  of  the  product  is  0,995.* 

725.  M.  Vauquelin's  method  of  preparing  dilute  hydrocy-  y^  ^y^^,^ 
anic  acid,  consists  in  passing  sulphuretted  hydrogen  through  a  iMthoa. 
•olution  of  cyanuret  of  mercury,  which,  when  decomposed,  is 

to  be  filtered  and  mixed  with  carbonate  of  lead,  in  order  to 
separate  the  excess  of  sulphuretted  hydrogen.  As  this  acid  in 
its  dilute  state  sufiers  partial  decomposition  by  keeping,  it 
should  be  prepared  in  small  quantities  only  for  pharmaceutical 
nse,  and  preserved  in  vessels  excluded  from  light. 

726.  Hydro-cyanic  acid  may  also  be  collected  in  a  gaseous  oteoothj- 
form  over  mercury,  by  heating  in  a  retort  the  crystallized  ferro-  ^f"** 
cyanate  of  potash  with  dilute   sulphuric   acid.'    This   gas   is 
absorbable  by  water  and  alcohol.     It  is  speedily  fatal  when 
received  into  the  lungs  of  small  animals.     At  a  temperature  be- 
tween 86^  and  95^  Fahrenheit,  the  acid  gas  forms  with  oxygen 

gas  a  mixture  which  detonates  on  passing  an  electric  spark.  A 
quantity  equal  to  100  measures  condense  125  measures  of  oxygen, 
aod  there  result  100  measures  of  carbonic  acid  and  50  measures 
of  nitrogen.  But  as  the  carbonic  acid  contains  only  its  own 
Volume  of  oxygen,  there  remain  25  measures  of  the  latter  gas 
^hich  must  have  been  converted  into  water  by  50  measures  of 
lydroeen  existing  in  the  pnissic  acid  vapour.  From  these  and 
)ther  Ucts,  Gay-Lussac  infers  that  it  is  composed  of  one  volume 
)f  the  vapour  of  charcoal,  half  a  volume  of  hydrogen,  and  half 
I  volume  of  nitrogen,  condensed  into  one  volume. 

727.  When  potassium  is  heated  in  hydro-cyanic  vapour,  it 
ivolves  hydrogen  gas  equal  to  half  the  volume  of  the  vapour. 
The  other  elements  of  the  gas  unite  with  the  potassium.     Thus 

he  hydro-cyanic  acid  is  resolved  into  hydrogen  and  cyanogen,  compoiitioo. 
vhich  last,  uniting  with  the  potassium,  forms  a  cyanide  of  that 
netal.  As  hydro-cyanic  acid  is  constituted  of  equal  volumes  of 
hose  two  gases,  united  without  condensation,  the  specific  grav- 
ty  of  the  acid  gas  ought  to  be  the  mean  of  those  of  its  compo- 
lentSy  viz.  0,9360  very  nearly.     This  difiers  very  little  from  the 

V  TIm  tpcetAe  fraTitj  of  the  acid  is  comidcred  bjr  DrUre  as  an  inadequate  te<t  of  its  strength  ;aod 
le  rvcooMBeads  the  followioi^  as  a  rnore  simple  method  of  anMjysis.  "To  100 grains,  or  anj  other 
oavcmcat  qomotitj.  of  the  acid,  contained  in  a  small  phial,  add,  in  succeuion,  small  quaoUties  of 
be  ■eroudc  of  Bercvry  in  fine  powder,  till  it  ceases  to  be  dissolved  on  agitation.  The  weight  of  the 
»sid«  tMkmn  ap.  b«iag  divided  bj  foar,  gir*;s  a  quotient  representing  the  quantity  of  rral  prussic  ncid 
nrtmol,  Bj  weigbio^  oat  beforehand  on  a  watch  glass  40  or  50  grains  of  the  peroiidc,  the  n-siJnal 
reirht  of  it  sbowfl  fti  ooca  tbc  qoMidty  expended.*'    {Quarterly  Jommal,  siii.  912.) 
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result  of  experiments,  viz.  0,9476.  Its  constituents,  tliercCore, 
are  by  weight 

Cyanot;en 100 

Hydrogen 3,846 

or  two  atoms  of  charcoal  =  12^1  of  nilrogen  =14  +  1  of  hyiln- 
gen,  and  its  equivalent  number  is  27. 
,  736.  The  salts  formed  by  the  union  of  this  acid  with  salifii- 
■i  ble  bases  are  called  At/dro-ci/enialcs,  but  they  are  not  perma- 
nent, and  have  no  useful  properties.  They  are  decomposed  by 
the  weakest  acids,  such  as  the  carbonic.     H.  I.  443. 

729.  It  appears  from  the  experiments  of  Mr  Porretl  (Phil. 
Trims.    1S14,)  and   from  those  of  M.  Gay-Lussac    (J2nn.  dt 

^Chim  xcv.)  that  cyanogen  is  capable  of  forming  a  compound 
with  sulphuretted  hydrogen.  It  may  be  obtained  by  mixing 
one  volume  of  cyanogen  with  one  and  a  half  of  sulphuretleil 
hj'drogen  ;  they  slowly  combine,  and  form  a  yellow  crystallizoi 
compound. 

730.  According  to  Dr  Thomson,  Mr  Porrett  obtained  an 
analogous  body  by  a  much  more  circuitous  process;  he  hu 
termed  it  sulphuretted  chyasic  acid ;  and  Dr  Thomson,  wlio 
regards  il  as  consisting  of  cyanogen  and  sulphur  only,  calls  it 
Sulphocyanic  acid. — \Syst.  V.  ii.  p.  890.)  He  describes  il« 
soluble  in  water ;  of  a  smell  resembling  vinegar;  and  decom- 
posed by  repeated  distillalion.  (See  a  paper  in  the  Jour.dt 
Fharmacie,  Oct.  ISlS.—^fco,  .i»n.  Philoa.  Vol.  xiii.  101.) 

731.  Sir  H.  Davy  has  noticed  the  production  of  a  com] 
of  sulphur  and  cyanogen,  obtained  by  heating  a  mixture 
phur  and   cyanuret   of  mercury;  and    by  heating    phosphorus 
with  cyanuret  of  mercury,  a  cyanuret  vf  phosphorus  appean 
to  be  formed 

^j  732.  Carbon  and  Sulphur — Sulphuret  of  Carbon  i3tco- 
hoi  of  Sulphur. — This  is  a  liquid  obtained  by  passing  sulphur 
over  red  hot  charcoal. 

733.  To  prepare  il,  a  coated  earthen  lube,  of  about  one  inch 
and  a  half  in  diameter,  partly  tilled  with  small  pieces  of  char- 
coal, well  prepared,  and  quite  free  from  moJslure,  may  be  dis- 
posed in  a  furnace,  as  represented  fig,  119,  one  end  being  placed 
higher  than  the  other.  To  this  end  may  be  adapted  a  glass  tube, 
open  at  both  ends,  containing  small  bits  of  sulphur;  and  to  the 
other  end,  by  means  of  an  adopter,  is  to  be  Axod  a  curved  lube, 
passed  into  water  contamed  in  a  two-necked  bottle.  The  part 
of  the  tube,  coniaining  the  charcoal,  may  ihen  be  made  red  hot; 
and,  when  this  happens,  ihe  bits  of  sulphur  are  to  be  pushed 
forwards,  one  by  one,  by  means  of  a  wire,  carefully  excluding 
the  air.  At-  snon  as  the  sulphur  cornea  into  contact  with  Lite 
charcoal,  bubbles  of  gas  will  he  produced  in  great  abundance, 
and  a  vaptmr  will  appear,  which  will  condense,  under  the  water 
in  the  bottle,  into  a  liquid,  of  which,  in  the  course  of  a  day, 
about  half  a  piut  may  be  procured.     This  liquid  may  be  purifi- 
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ed  by  re-distilling  it  at  a  very  gentle  heat,  not  exceeding  100^ 
or  110^  Fahrenheit ;  and  some  dry  chloride  of  calcium  may  be 
put  into  the  retort,  in  order  to  obtain  the  fluid  perfectly  free 
front  virater.  The  liquid  which  comes  over  is  quite  pure,  and 
some  sulphur  remains'in  the  retort.  It  may  also  be  obtained  by 
distilling  a  mixture  of  ten  parts  of  finely  pulverized  and  perfect 
charcoal  with  50  of  native  bi-sulphuret  of  iron,  from  an  earthen 
retort  into  a  receiver  surrounded  by  ice  or  snow.  One  part  of 
sulphuret  of  carbon  will  be  obtained  from  these  materials.  H. 
1.  452. 

734.  Tlie  alcohol  of  sulphur  has  the  following  properties.  It 
is  eminently  transparent,  and  perfectly  colourless.  Sometimes,  "'^'^*** 
immediately  after  distillation,  the  oily  liquid  appears  a  little 
opaque  and  milky ;  but  the  next  day  it  is  found  to  have  become 
completely  limpid.  It  has  an  acrid,  pungent,  and  somewhat 
aromatic  taste ;  its  smell  is  nauseous  and  fetid,  though  differing 
from  that  of  sulphuretted  hydrogen.  It  is  insoluble  in  water, 
but  soluble  in  alcohol  and  ether ;  its  refractive  power  in  regard 
to  light  is  very  considerable.  Its  specific  gravity  is  1,272.  It 
boils  at  106^,  and  does  not  freeze  at — 60^.  It  is  very  volatile, 
and  has  a  pungent  taste  and  peculiar  fetid  odour.'  The  cold 
which  it  produces  during  evaporation  is  so  intense,  that  by 
exposing  a  thermometer  bulb,  covered  with  fine  lint,  and  moist- 
ened with  it,  in  the  receiver  of  an  air-pump,  the  temperature 
sunk,  after  exhaustion  to  —  80^.  When  a  mercurial  thermom- 
eter was  used,  the  metal  froze. 

735.  Sulphuret  of  carbon  is  inflammable,  and  when  burned 
with  oxygen,  produces  sulphurous  and  carbonic  acids.  It  con- 
sists of  1  proportional  of  charcoal  and  2  of  sulphur;  6  -f  32  =  38. 
(BEBZBZ.nTs  and  Marcet,  PhiL  Trans,  1813.)  It  was  discov- 
ered by  Lampadius,  who  called  it  Alcohol  of  Sulphur. — 
CmvuL's  Annabj  1796,  ii. 

736.  A  portion  of  carburet  of  sulphur  appears  to  be  fre- 
quently formed  during  the  production  of  inflammable  gas  from 
coal  (693),  and  to  be  retained  in  the  state  of  vapour  by  the  gas 
after  its  purification  by  lime ,  such  gas  gives  a  strong  sulphur- 
ous smell  when  burned,  although  perfectly  cleansed  from  sul- 
phuretted hydrogen. — Brande,  PhiL  Trans.  1820,  p.  19. 

737.  When  tran;smitted  over  ignited  copper  or  iron  turnings, 
alcohol  of  sulphur  is  decomposed,  the  metal  combining  both  uod. 
with  eharcoal  and  sulphur;  and  a  rose  coloured  fluid  is  obtained, 
differing  in  its  sensible  qualities  from  the  original  liquid,  and 
apparently  consisting  of  the  same  elements  in  different  propor- 
tions. It  is  decomposed  also  when  brought  into  contact  with 
Ignited  peroxide  of  iron ;  sulphuret  of  iron  is  formed  ;  and 
sulphurous  and  carbonic  acids  are  produced,  and  may  be  sepa- 
rated from  each  other  by  borax,  which  absorbs  the  former 
only.  In  this  way  it  may  be  analyzed,  and  its  proportions  cal- 
culated. 


TJrr  nroposi- 


738,  ThD  proportions  of  Ihe  elements  of  sulphurcl  of  carbon 
are  deducitl  by  Uenliollet,  Tlienard,  an<i  Vdiiquelin,  to  he 
from  14  to  15  parts  of  charcoal,  and  from  SS  to  86  of  sulphur, 
in  100,  This  stalemeul  of  its  composilion  nearly  agrees  wilh 
that  determined  by  Drs  Berzcllus  aiid  Marcet;  vit. 


Sulphur 
Carbon 


100 


100, 


1 17,89 


The  above- mentioned  numbers  establish  the  proportion  of 
the  elements  of  this  compound  lo  be  two  atoms  of  sulphur  =3E 
to  one  of  carbon  =  G,  and  its  equivalent  number  to  be  38. 

739.  It  has  been  found  also  by  Mr  Murray,  that  when  a  few 
drops  of  this  liquid  are  poured  on  the  surface  of  a  glass  of  water, 
the  lempemture  of  which  is  32°  Fahr.,  plumose  branches  of  iM 
dart  from  the  sulphuret  to  the  bottom  of  the  vessel,  and  iht 
whole  water  is  suddenly  frozen.  At  the  same  time,  the  sul- 
phuret becomes  volatilized;  and  the  spiculi£  of  ice  beautifully 
exhibit  the  colours  of  the  solar  spectrum,  {^nn.  o/Fhiloa.  iii. 
N.  S.)     H.  1.  454. 

740.  Carbon  and  Phosphorus — Fhosphttrel  of  Carbon,-^ 
'    To  obtain  this  compound,    Dr  Thomson    directs  the  following 

process:  {St/stem  i.  p.  376.)  Allow  phosphuret  of  lime  to 
remain  in  water,  till  it  no  longer  evolves  gas  j  then  add  to  the 
liquid  excess  of  muriatic  acid,  a^ilate  for  a  few  moments,  and 
throw  the  whole  upon  a  filter.  Phosphuret  of  carbon  remains, 
which  is  to  be  washed  and  dried.  This  compound  is  a  SoU 
powder,  of  a  yellowish  colour,  without  taste  or  smell  :  exposed 
to  air,  it  slowly  imbibes  moisture,  and  acquires  an  acid  flavour. 
Exposed  to  a  red  heat,  il  burns,  and  gradually  gives  out  ils 
phosphorus,  the  charcoal  being  prevented  burning  by  a  coating 
of  phosphoric  acid.  It  consists  of  phosphorus  0,62  +  carboD 
0.38  (Thomson's  jUnnals.  viii.  157.)  These  numbers  closely 
correspond  with 


Phosphorus  1  proportional 
Carbon  1  ditto      .    .    . 


.  =  12 


It  would  appear  from  the  mode  of  obtaining  this  phosphuret, 
that  it  forms  an  ingredient  in  phosphuret  of  lime,  as  usually 
prepared. 

741.  Sulphuret  of  Carbon  and  hydrogen — Hydroxanthic 
or  Carlio-su/p/iuric  acid. — When  bi-sulphuret  of  carbon  (732) 
is  gradually  added  to  a  solution  of  pure  potassa,  in  alcohol  con- 
taining 96  or  98  per  cent,  pure  alcohol,  and  the  mixture  is  agi- 
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Utcd,  the  alkali  is  complelcly  neutralized  by  the  formntion  of  a 
new  acid.  This  new  acid  contains  sulphur,  carbon  and  hydro- 
)Cen,  Ihe  two  first  of  which  probably  form  a  compound  base, 
analogous  to  cyanos*"-  3"''»  ''ke  it,  acidiliablc  by  hydrogen. 
To  ihe  base,  Mr  Zeise,  Professor  of  chemistry  at  Copenhagen, 
who  first  noticed  these  facts,  has  given  tlie  name  of  xanlhogane 
(from  |>n->^,  yellow,  and  ysnan^  to  generate)  on  account  of  the 
yeilqw  colour  of  Its  compounds ;  and  lo  the  acid  tiiat  of  hydrox' 
ant  hie  acid. 

742.  The  neutral  solution,  obtained  in  Ihe  above  manner,  may  ^''^"Jp' 
lie  made  to  deposit  crystals  by  lowering  its  temperature  to  the  uii, 
freezing  point,  or  by  exposin)r  jt  under  an  exhausted  receiver 
■long  with  sulphuric   acid.     These  crystals  are  the  kydroxan- 
thale  nf  polassa.     They  are  needle-shaped;  without  colour, 
except  after  exposure  to  the  air,  which  renders  ihem  yellow; 

have  a  peculiar  odour;  a  taste  at  first  cooling,  and  then  sharp 
and  sulphurous;  are  extremely  soluble  in  water,  though  not 
deli(|uescenl;  in  a  less  degree  in  ether;  and  not  at  all  in  naph- 
tha. The  watery  solution  becomes  milky  when  exposed  lo  the 
■ir,  and  soon  manifests  an  excess  of  alkali.  Sulphuric  or  muri- 
atic acid,  diluted  with  four  or  five  parts  of  water,  and  added  in 
due  quantity  to  the  watery  solution,  occasion  no  effervescence, 
but  cause  the  separation  of  an  oily  looking  fluid  heavier  than 
water.     This  is  the  hydroxanlkic  acid. 

743.  Solution  of  baryta  in  water  or  in  acids,  muriate  of  lime, 
and  sulphates  of  magnesia  or  alumina,  do  not  aSect  the  bydroxan- 
ihaio  of  polassa ;  hut  several  metallic  salts  occasion  precipitates, 
which  are  compounds  not  of  the  metallic  oxides  with  ihe  new 
acids,  but  of  the  metals  with  xanthogen.  Hence  M.  Zeise 
jifoposes  to  call  them  xanlhures  ;  but  it  is  more  consistent  with 
the  nomenclature  followed  in  tliis  work  lo  term  them  xan- 
thidt.i,  analogous  to  chlorides,  cyanides,  &c.  Several  of  ihe 
xanihides  are  described  by  their  discoverers. 

744.  The  hydroxatUkate  of  potiissa  is  decomposed  when 
distilled  per  se,  and  yields  an  oily  fluid,  with  a  gas  which  has 
the  smell  of  onions,  but  in  which  nothing  could  be  discovered 
but  carbonic  acid  and  sulphuretted  hydrogen.  At  a  red  heal, 
in  the  open  air,  it  takes  fire,  and  Is  consumed  tranquilly  with  a 
liiuish  flame,  but  in  the  flume  of  a  candle  it  burns  actively, 
emitting  bright  sparks. 

745.  Ilydroxanthates  of  soda  and  ammonia  may  be  prepared  —"'*«'* 
with  alcoholic  solutions  of  those  alkalies  and  bi-sulpburot  of  car- 
bon; thoseof  baryta  and  lime  wilh   hydroxanlhic  acid  nnd  ibeir 
rcfpectire  carbonates.     The  salt,  with  base  of  soda,  is  a  little 
deliquescent. 

7-lfl.   Hydroxanlhic  acid,  separated    by  more  powerful    acids  PwMni™ 
from  its  saline  compounds,  wilh  some  precautions  which  M.  Zeise  laa<i  „;' 
pointed  out,  is  liquid  at  common    tempernlures,  and  even 
them ;  it  has  the  aspect  of  a  transparcni  colourless  oil ; 
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in  specific  gravity  it  exceeds  water;  and  it  is  not  miscible  with 
that  fluid.  Exposed  to  the  air.  it  soon  becomes  covered  with  a 
while  opaque  crust.  Its  smell  is  powerful  and  peculiar.  It  his 
a  taste  at  first  acid,  then  astringent  and  hitler;  litmus  paper  is 
completely  reddened  by  it,  but  a  part  of  the  paper  soon  changes 
to  a  yellowish  while.  It  is  inflammable,  and  burns  with  a  smell 
of  sulphurous  acid.  A  temperature  below  212°  decomposes  it 
into  bi-sulphuret  of  carbon  and  a  combustible  gas.  When  much 
divided  by  agilatign  with  water,  it  is  decomposed  in  a  short 
time,  giving  out  bubbles  of  gas.  It  expels  carbonic  acid  from 
alkaline  carbonates.  The  oxides  of  common  metals  (copper, 
lead,  mercury,  Stc.)  decompose  it  by  giving  up  their  oxygen  to 
the  hydrogen  of  the  acid,  and  the  xauiliogene  unites  with  the 
metal  forming  xanthides. 

747.  The  presence  of  hydrogen  in  hydroxanthic  acid  wm 
established  by  the  results  of  acting  upon  it  with  iodine,  which 
occasioned  a  distinct  production  uf  hydnodic  acid,  a  compound 
of  iodine  and  hydrogen,  {.dunales  de  Chim.  et  de  Phj/a.  xxi. 
160,  and  ^nn.  of  Phil.  N.  S,  iv.  841.)     H.  ii.  667. 


Section  VI.     Boron. 

748.  Boron  was  first  obtained  by  Sir  H.  Davy  in  1S08,  by 
the  action  of  Voltaic  electricitv  on  boracic  acid.  When  that 
-  acid  slightly  moistened  with  water,  was  exposed  between  t»'o 
surfaces  of  plalina  to  a  battery  of  500  pairs  of  plates,  an  olive 
brown  matter  began  immediately  to  appear  on  the  negative  sur- 
face, and  gradually  increased  in  quantity.  This  substance  was 
found  not  to  be  acted  on  by  wiiter,  but  to  dissolve  with  efferves- 
cence in  warm  nitric  acid.  When  heated  to  redness  on  plalina, 
it  burned  slowly,  and  boracic  acid  was  regenerated.  Hence  the 
name  o(  fioron  has  been  applied  to  it.     H.  1.  355, 

740.  Thissubstance  is  also  obtained  by  heating  in  a  copper  tube 
two  parts  of  the  metal  called  potassium,  with  one  of  boracic  acid 
previously  fused  and  powdered.  In  this  experiment  the  boracic 
acid,  which  consists  of  boron  and  oxygen,  is  decomposed  by 
the  potassium.  The  fused  matter  is  washed  out  of  the  tube 
with  water,  and  the  whole  put  upon  a  filler.  The  boron  remains 
in  the  form  of  a  brown,  insipid,  insoluble  powder,  unaltered 
by  exposure  to  air  at  common  lemperatures,  but  when  heated  lo 
600°  it  burns  wilh  much  brilliancy,  especially  in  oxygen  gas, 
and  produces  boracic  acid.  It  is  a  non-conductor  of  electri- 
city. 

750.   Boracic  acid  is  usually  obtained  by  dissolving  Ihe  salt 

■  called  borax  in  hot    water,  and  subsequently  adding  half  its 

weight  of  sulphuric  acid  ;   as  the  solution  cools,  white  scaly 

crystals  appear,  which,  when  washed  with  cold  water  are  nearly 


tuteless,  and  which  consist  of  boracicacid  combined  wiili  water 
and  retaining  a  lillle  sulphuric  acid,  which  it  loses  by  cxpoisurc 
tea  strong  red  heat,  and  fuses  into  a  glass. 

Boraeic  acid  is  very  difficulfly  soluble  in  water;  the  solution 
ledclens  vegetable  blues,  bui  possesses  the  singular  properly  of 
tenderiag  the  yellow  of  turmeric  brown,  in  the  manner  of  on 
•Jkali.  Its  solution  in  spirit  of  wine  burns  with  a  green  flanie. 
wine  burns  with  a  green  flame.  This  acid  was  first  obtained  by 
Bombers,  in  1703,  and  whs  used  in  medicine,  under  the  name 
of  HomSerg's  Sedative  Salt.     Its  nature  tfl^^rst  shown  by 

751.  The  experiments  upon  the  composition  oTboracic  acid 
we  much  at  variance,  Bcrzelius's  determination  probably  ap-  ^ 
pears  nearest  to  truth  :  He  regards  it  as  containing  1  boron  4-3 
oxygen.  (Thomson's  System,  Vol.  i.  p.  249,  5ih  edit.)  If, 
therefore,  we  consider  it  as  consisting  of  1  proportional  of  boron 
and  i  of  exygen,  the  number  representing  boron  will  be  6,  and 
boraeic  acid  will  consist  of 

1    Boron         S 
S   Oxjgen     16 


752.  Native  boraeic  acid  has  been  found  in  the  Lipari 
islands,  and  also  in  the  hot  springs  of  Sasso,  in  the  Florentine 
territory ;  bence  the  term  Sassoliii  applied  to  it  by  some  min- 
eralogists. 

75X  The  boraeic  acid  forms,  with  ammonia,  a  Borate  of  ,< 
ammonia,  composed  according  to  Berzelius  {^tnnuis  of  Phi-  " 
losopAy,  iii.  57,)  of 

3r,95  Acid 
30,32  Aiumaaia 
31,73  Water 

754.  Boron  bums  in  chlorine,  but  the  chloride  has  not  been 
r  have  its  other  compounds  been  investigated. 
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CHAPTER  IV. 

or   TBI    UETALS,   ASD    TH£IH    CQHB1KATI0N9. 

755.  The  metals  constitute  a  numerous  and  important  class 
of  simple  substances  ;  many  of  them  were  diligently  examined 
by  the  older  chemists,  who  have  left  ua  valuable  information 
concerning  ihem ;  many  are  of  more  recent  discovery ;  and  the 
existence  of  several  others  has  been  demonstrated  within  the 
last  twenty  yean. 
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The  metals  are  forty-twd  in  number. 


netalft. 


1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21* 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

756. 
remote 


Gold 

Silver 

Copper 

Iron 

Mercury 

Tin 

Lead 

Zinc 

Bismuth 

Antimony 

Arsenic 

Cobalt 

Platinum 

Nickel 

Manganese 

Tungsten 

Tellurium 

Molybdenum 

Uranium 

Titanium 

Chromium 

Columbium 

Palladium 

Rhodium 

Iridium 

Osmium 

Cerium 

Potassium 

Sodium 

Lithium 

Barium 

Calcium 

Strontium 

Ma»;nesium 

Silicium 

Alumium 

Yttrium 

Glucium 

Zirconium 

Thorinum 

Selenium 

Cadmium 


DitcoTered  by. 


Dat«. 


>>    Known  since  the  remotest  antiquity. 


Known  to  Paracelsus,  who  died     1541^' 
Described  by  Agricola  1520-' 

Basil  Valentine  ISIhoent'^ 


tt 


\ 


Brandt 

Wood,  assay  master^  Jamaica 

Cronstedt 

Gahn  and  Scheie 

M.  M.  Delhuyart 

Muller 

Do.  and  Hielm 
Klaproth 
Gregor 
Vauquelin 
Hatchett 

Wollaston 

Descostils  and  Tennant 

Tennant 

Hisinger  and  Berzelius 

Sir  H.  Davy 

Arfwedson 


17SS^< 

1741^* 

1751(« 

1774^ 

1781^ 

1782 

1782 

1789 

1781 

1797« 

180«t" 

1803(^ 

1803 

1803'' 

1804{'= 

1807 

1818 


>  Sir  H.  Davy 


1815—17 
1818 


Berzelius 
Stromeyer 

Of  these  metals  the  first  seven   were  known  in  ver 
ages.     The  ancients  designated  them  by  the   names  i 


(1)  Pliny,  Lib.  xxiir  cup.  S  and  10.  (S)  Mentioned  iathe  Btrmannui  of  AyricoU  written  ab< 
1630.  (3)  Currui  t  utnphalu  ^utimonii.  4  Aeta  Up$al  I7J3  and  <i  (&)  Pkii  TrmUM  V 
xliv.  (6)  Stockholm  Tram.  (7)  Ber{(iniin*»  0>piuciJa,  Vol.  ii.  (8)  Jlf«motrM  d*  TtmUm*,  ( 
.innalMdtChimie,  Vol.  xxv,    (^10)  Phil.  Ti  ant,    (11)  PhiL  Tram.    {12)  Gtk\tn*t  Jmr.  ii. 
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the  planets,  to  which  they  were  sapposed  to  have  some  myste- 
rious relation ;  and  each  was  denoted  by  a  particular  symbol, 
representing  both  the  metal  and  the  planet. 

Gold  was  the  Sun,  and  was  thus  represented  0 

Silver    •  .  Moon ) 

Mercury  .  Mercury 9              ^*"*^^*' 

Copper  .  .  Venus ? 

Iron       .  •  Mars i 

Tin  •     .  .  Jupiter ^ 

Lead      .  .  Saturn T} 

757*  The  metals  seldom  occur  in  the  earth  in  a  pure,  or  as  it 
is  tenned  by  mineralogists,  in  a  na/it;e  state ;  but  almost  always 
united  with  other  substances,  as  in  the  four  following  classes : — 

i.  Native  Metals  are  those  which  occur  pure  or  alloyed,  and  Vw^&f 
have  but  a  feeble  attraction  for  oxygen;  such  as  platinum,  gold,  "^**^ 
silver,  mercury  and  copper. 

ii.  Metals  combined  with  electro-negative  substances  (245.)  ^   ^.   , 
The    compounds   belonging  to   this  class   are   chiefly    native  wUhEi^ctio. 
metallic  oxides ;  there  are  also  a  few  native  chlorides j  but  no  JJSSl.'  '**' 
iodides  have    hitherto   been   discovered.      The  fluorides j  of  Oxtdei.  ite. 
which  there  are  a  few,  may  also  be  regarded  as  belonging  to  this 
class. 

ill.  Metals  combined  with  Electro-positive^  or  simple  acci-  "~^*JjJJJ*" 
difiabUy  substances  (326.)      This  class  includes  the  native  H^itan^^ 
TnetaUic  sulphurets,  a  very  numerous  and  important  series  of  s»*»*"~*»- 
ores,  one  native  carburet  only  is  known,  that  of  iron.     There 
are  no  native  hydrurets,  phosphurets,  nor  borurets. 

iv.  Metals  in  combination  with  acids — Metallic  salts.  Of —withtciat. 
these  the  most  common  are  the  native  carbonates y  sulphates ^ 
^liA phosphates :  there  are  a  few  native  borates;  and  a  few 
species  belonging  also  to  this  class  in  which  the  oxide  is  united 
to  a  nutallic  acid:  such  as  the  native  arseniateSj  chromates, 
tungstatesy  and  molybdates, 

758.  The  metals,  as  a  class,  are  characterized  by  a  peculiar  ^tS^n^^ia^ 
lustre  and   perfect  opacity  :  they  are  excellent  conductors  of 

heat,  (118)  and  of  electricity  (192.) 

759.  They  are  a/$o  excellent  reflectors,  not  only  of  light  but 
of  caloric,  and  hence  they  are  the  best  materials  for  the  compo- 
sition of  burning  mirrors.  From  the  experiments  of  Mr  Leslie, 
they  appear  to  possess  this  property  in  the  following  order,  the 
highest  number  denoting  the  greatest  reflecting  power. 

Brass 100 

Silver 90 

Tinfoil 85 

Planished  block  tin 80 

Steel 70 

'  Lead 60 

Tinfoil  softened  by  mercury 50 

27 
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In  ^neral  the  reflecting  power  was  found  by  Mr  Leslie,  Ift 
be  progiorlionate  to  the  degree  of  polish  (HI,  US]  and  to  bs 
impaired  by  every  thing  that  diminished  this  qualily.  A  tin 
reflector  for  example,  had  its  reflecting  power  diminished  nioe 
tenths  by  bein^ rubbed  withsand  paper.     Leslie  on  ffe»l,p.98. 

760.  There  is  the  greatest  difference  in  the  specific  gravity 
of  the  different  metals,  the  heaviest  and  lightest  solids  being  in- 
cluded in  the  list. 

The  principal  metals,  arranged  according  to  their  specific 
gravities  stand  as  follow:  ^_ 

1  Platinum 31.00  ^| 

2  Gold 19,30  ^H 

3  Iridium 18,68  ^^ 

4  Tungsten 17,50 

5  Mercury 13,50 

6  Palladium 11.50 

7  Lead        11,35 

8  Rhodium '  .     .  10,65 

9  Silver 10,50 

10  Bismuth 9,80 

11  Uranium 9,00 

13     Copper 8,90 

13  Arsenic 8,35 

14  Nickel •     .     .  8.25 

15  Cobalt 8,00 

16  Iron 7,73 

17  Molybdenum 7,40 

18  Tin 7,.'30 

19  Zinc 7,00 

20  Manganese 6,85 

21  Antimony 6,70 

22  Tellurium 6,10 

23  Sodium         0,072 

24  Potassium 0,865* 

761.  The  specific  gravity  of  solids  and  liquids  is  always  ex- 
pressed in  numbers  referring  to  water  as  =  1. 

To  ascertain  the  specific  gravity  of  solids  we  employ  a  deli- 
h  cate  balance,  so  contrived  as  to  admit  of  substances  being  allaeh- 
,.  ed  to  one  of  the  scales  by  means  of  a  liorse-hair  or  a  fine  thread 
of  silk.  The  absolute  weight  of  the  body  thus  suspended  is 
then  very  carefully  ascertained  :  it  is  next  immersed  in  distilled 
water,  of  the  temperature  of  60°;  and  the  beam  being  again 
brought  to  an  equilibrium,  we  learn  the  weight  lost  by  its  im- 
meision;  or.  In  other  words,  we  ascertain  the  weight  of  its 
bulk  of  pure  water.  We  now  divide  the  sum  of  its  absolute 
weight  by  that  of  the  weight  which  it  lost  in  water,  and  the 
quotient  is  its  specific  weight,  or  gravity,  compared  with  wmtet 
of  the  temperature  of  60° 
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Suppose  a  substance,  weighing  360  grains,  to  lose  60  by 
immersion  in  water,  the  specific  gravity  of  that  substance  will 
be=:6;  for  360-»-60  =  6. 

762.  For  ascertaining  the  specific  gravity  of  liquids,  we  gen-  or  iioidi. 
erally  employ  a  thin  phial,  fig.  29  holding  1000  grains  of  distilled  pj  ,, 
water,  at  the  temperature  of  60°.     If  filled  with  any  other  liquid, 

and  weighed,  we  learn  its  specific  gravity ;  thus  we  should  find 
that  it  would  contain  13500  grains  of  mercury  ;  1850  grains  of 
sulphuric  acid  ;  1420  grains  of  nitric  acid,  &c.,  which  numbers 
of  course  represent  the  specific  gravities  of  those  liquids. 

A  bottle,  however,  holding  1000  grains  is  often  inconvenient- 
ly large,  and  a  small  and  thin  globular  phial,  with  a  piece  of 
thermometer  tube  ground  into  it  by  way  of  stopper  will  be 
found  more  useful :  such  a  phial  should  not  weigh  more  than 
from  50  to  60  grains,  and  may  contain  between  4  and  500 
grains  of  water.  To  use  it,  it  should  be  accurately  counterbal- 
anced in  a  delicate  pair  of  scales,  and  then  filled  with  distilled 
water,  and  the  stopper  thurst  in,  the  capillary  opening  in  which 
allows  a  little  to  ooze  out,  and  prevents  the  likelihood  of  burst- 
ing the  phial ;  it  is  then  to  be  wiped  clean  and  dry,  and  again 
carefully  weighed,  by  which  the  quantity  of  water  it  contains  is 
ascertained ;  the  water  being  poured  out,  it  is  next  filled  with 
the  liquid  whose  specific  gravity  is  required,  taking  care  that  it 
is  of  the  same  temperature  as  the  water ;  we  then  weigh  as  be- 
fore, and  divide  the  weight  by  the  former  weight  of  water,  the 
product  gives  the  specific  gravity  required.  Thus,  suppose  the 
phiaJ  to  contain  425  grains  of  water  at  the  temperature  of  45°, 
it  will  be  found  to  hold  5737,5  grains  of  pure  mercury  of  the 
same  temperature;  and  5737,5 -«. 425=  13,5  the  specific  gravity 
of  mercury.  Or,  supposing  the  liquid  lighter  than  water,  such 
as  alcohol,  of  w^hich  we  may  assume  the  phial  to  contain  350,5; 
then  350,5  H-425= 0,824  the  specific  gravity  of  the  alcohol 
under  trial. 

763.  Among  the  metals,  some  are  malleable^  others  brittle. 
Malleability,  or  the  capacity  of  being  extended  by  the  ham-  Malleability. 

mer  belongs  to  the  following  metals,  in  the  order  following : 

Gold  Lead  Liit  .na  or- 

g^..  ry.  der  of  aiall«- 

bllVCr  ZmC  ablemeuli. 

Copper  Iron 

Tin  Nickel 

Cadmium  Palladium 
Platinum 

Potassium,  sodium,  and  frozen  mercury,  are  also  malleable. 

Malleability  is  one  of  the  most  useful  properties  of  the  metals. 
In  this  quality,  gold  takes  place  of  all  the  rest.  The  gold  leaf, 
which  is  sold  in  books,  is  so  extremely  thin,  that  less  than  five 
grains  cover  a  surface  of  about  272}  square  inches  ;  and  the 
thickness  of  each  leaf  does  not  exceed  iTiVrvth  part  of  an  inch. 
H.  1.  460. 
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764,  The  malleable  meUls  are  also  ductile;  that  is.  ihejr 
admit  of  being  drawn  out  into  wires.  They  are  arranged 
according  to  duciility  as  follows ; 

Gold  Zinc 

Silver  Tit 

Platinum  Lead 

Iron  Nickel 

Copper  Palladium 

765.  DiSerent  metallic  wires  are  possessed  of  diGTerent  de- 
grees of  tenacily,  by  which  is  meant  the  power  of  supporting  a 
weight  without  breaking.  According  lo  the  experiments  of 
Guylon  Morveau.  the  followino;  are  the  weights  capable  of  being 
sustained  by  wires  j^VVV^^  °^  ^  li°<!  <"  diameter. — tSnnaia  de 
Chimie,  Isiv. : 


A  wire  of  Iron  supports 

540.250 

Copper     .     . 

302,278 

Platinum 

874,330 

Silver       .     . 

187,137 

Gold    .     .     . 

150.753 

Zinc    .     .     . 

109.540 

Tin     ... 

34,630 

Lead   .     .     . 

27,621 

766.  Some  of  the  malleable  and  ductile  meUls  have,  also,  a 
"high    decree   of  elasticity.     This  property  fits  them  for  being 

applied  to  the  mechanical  purpose  of  sprinp;s.  Steel  and  iron 
are,  in  this  respect,  superior  to  alt  other  metals.  Upon  the 
properties  of  elasticity  and  hardness,  appears  also  to  depend  that 
of  fitness  for  exciting  sound,  for  whatever  renders  metals 
harder  and  more  elastic,  increases  also  their  soTiorousneas. 
Thus  bell  metal  is  more  remarkable  for  those  properties  lliin 
either  tin  or  copper,  which  are  ils  constituents.     H.  1.  462. 

767.  The  following  metals  are  brittle  : 

Antimony  Manganese 

Arsenic  Molybdenum 

Bismuth  Tellurium 

Cerium  Tungsten 

Chrome  Titanium 

Cobalt  Uranium 

Columbium 

768.  None  of  the  metals  are  very  hard,  and  many  so  soft  n 
to  yield  to  (he  nail.  In  ihe  following  table  some  of  the'metils 
are  arranged  in  the  order  of  their  baldness: 

[^  Tungsten  Bismuth 

Palladium  Gold 

Manganese  Zinc 

Antimony 
Cobalt 


Nickel 
Platinum 
Copper 
Silver 


Tin 

Arsenic 

I.ead. 
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769.  The  structure  or  texture  of  several  of  the  metals  ap-  T«xtnf«. 
to  be  crystatline.     That  of  irori  developed  by  the  action 

of  solvents,  has  been  shown  by  Mr  Daniel  to  be  fibrous.  Bis- 
muth, and  antimony  have  a  lamellated  texture  ;  nickel  presents 
a  fracture  between  fibrotis  and  foliated ;  and  steel  is  ^ranular. 
Several  of  the  metals,  wjien  melted  and  cooled  under  favourable 
circumstances,  form  regular  crystals.  Thus  bismuth,  melted  in 
a  crucible,  and  sufiercvl  to  cool  becomes  covered  with  a  crust, 
and  when  this  is  pierced,  and  the  fluid  beneath  allowed  to  flow 
out,  the  cavity  is  found  spudded  with  beautifully  regular  cubic 
crystals.  Arsenic  crystallizes  in  regular  tetraedrons,  and  tita- 
oium  in  lon^  slender  filaments  or  prisms.     H.  1.  462. 

Such  arc  the  essential  physical  characters  of  the  metals;  they 
also  resemble  each  other  in  many  of  their  chemical  properties, 
as  the  following  general  observations  show  : 

770.  Action  of  Heat. —  The   metals  are  all  susceptible  of  Aetioauf 
fusion  by  heat,  hut  the  temperatures  at  which  they  liquefy  are  ***** 
extremely  various.     Mercury  is  fluid  at  all  common  tempera- 
tures, and  requires  to  be  cooled  to  —  39°   before  it  congeals. 
Potassium  melts  at  150°   and  sodium  at  200°  :  arsenic  at  3U0° ; 

tin  at  450°  ;  lead  at  600°  ;  zinc  at  700°  ;  and  antimony  at  800°. 
Silver,  gold,  and  copper  require  a  bright  cherry-red  heat ;  iron, 
nickel,  and  cobalt,  a  white  heat;  manganese  and  palladium, 
an  intense  white  heat ;  molybdenum,  uranium,  tungsten,  and 
chrome,  are  only  very  imperfectly  agglutinated  at  the  highest 
temperatures  of  our  furnaces ;  and  titanium,  cerium,  osmium, 
iridium,  rhodium,  platinum,  and  columbium,  require  the  intense 
heat  produced  by  an  inflamed  current  of  oxygen  and  hydrogen, 
or  that  o(  Voltaic  electricity. 

At  higher  temperatures  than  that  required  for  their  fusion 
many  of  the  metals  are  volatile,  and  may  be  distilled  in  close 
vessels.  Mercury,  arsenic,  potassium,  tellurium,  and  zinc,  are 
volatile  at  a  dull  red  heat.  Gold  and  silver  are  converted  into 
vapour  when  exposed  to  the  intense  heat  of  the  focus  of  a  burn- 
ing lens  ;  and  several  of  the  other  metals  boil  and  evaporate 
under  similar  circumstances.  It  is  probable  that  this  would 
happen  to  all  of  them,  if  raised  to  sufficiently  high  tempera- 
tures. 

771.  •Action  of  Oxj/f^en. — When  the  metals  are  exposed  at  Action  of 
ordinary  temperatures  to  the  action  of  oxygen,  or  of  common  "''^^'"' 
air,   which   produces  analogous,  though  less  powerful  effects, 

they  are  very  difierenlly  aflbcted.  If  the  gas  be  perfectly  dry, 
very  few  of  them  suffer  any  change  unless  heated  in  it ;  they 
then  lose  their  metallic  characters,  and  form  a  very  important 
series  of  compounds,  the  metallic  oxides, 

772.  A  few  of  the  metals  resist  the  action  of  heat  and  air  so 
completely,'  that  they  may  be  kept  in  fusion  in  an  open  crucible  biemfuis"*^ 
for  many  hours  without  undergoing  change.     This  is  the  case 

with  gold  and  silver,  and  a  few  others  ;  hence  they  were  called 
perfect  or  noble  metals :  they  may,  however,  be  oxidized  by 
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the  Voltaic  flame;  or  by  passing  a  strong  electric  discharge 
through  tliem,  when  drawn  into  very  fine  wire. 
^    ,  u  ^      773.  Other  metals  readily  absorb  oxycen  when  exposed  to  a 
oiTf^en.       temperature  approachmg  a  red  heat;  as  iron,  mercury,  nickel, 
fyc. ;  others  absorb  it  when  in  fusion,  as  lead,  tin,  antimony, 
^•c. ;  others  at  lower,   or  even  at  common  temperatures^  as 
arsenic,  manganese,  sodium,  potassium,  fyc. 
Th.  ir  RtiMc      774,  That  the  metals  have  very  different  attractive  powers  in 
rcn  d°L^at.  ^^S^^^  ^^  oxygcu  is  also  shown   by  the  circumstance  of  one 
metal  being  frequently  oxidized  at  the  expense  of  another;  thus 
the  oxide  of  mercury,  heated  with  mietallic  iron,   produces 
metallic  mercury  and  oxide  of  iron ;   potassium,  heated   with 
oxide  of  manganese,  becomes  oxidized,  and  metallic  manganese 
is  obtained. 
oxiHo  de-      775.  Some  of  the  oxides  are  decomposed  by  mere  exposure 
rjm,..,«e     y  ^^  hcat,  as  thosc  of  gold,  mercury,  fyc. ;  others  require  the  joint 
action  of  heat,  and  some  body  having  a  high  attraction  for  oxy- 
gen, such  as  charcoal.     Thus  when  oxide  of  lead  is  heated  with 
charcoal,  carbonic  acid  gas  is  evolved,  and  metallic  lead  obtained. 
MetHii  rom-      776.  Each  metal  has  a  certain  definite  quantity  of  oxygen 
fiD'it^'*'nanti'  ^^'^^^  which  it  combincs ;  and  where  the  same  metal  unites  in 
urior  o^y'    more  than  one  proportion  with  oxygen,  in  the  second,  third,  and 
^"'  other  compounds,  it  is  a  multiple  of  that  in  the  first,  consistent 

with  the  law  of  definite  proportions  (69).  Thus  100  parts  of 
mercury  combine  with  4  of  oxygen  to  produce  the  protoxide^ 
and  with  8  to  produce  the  peroxide.  Copper  also  forms  two 
oxides ;  in  the  one  12,5  of  oxygen  are  united  to  100  of  metalf 
and  in  the  other  25, 

111,  Among  the  combinations  of  metals  with  oxygen,  some 
arc  insoluble  in  water,  or  nearly  so,  and  have  neither  taste  nor 
MuMio        smell;   others  are  soluble  and  sour,  constituting  the  tneiaUie 
**  "^'"  acids:  others  are  soluble  and  alkaline,  forming  the  fixed'aikaUei 

and  alkaline  earths.  They  are  of  all  colours,  and  frequently 
the  same  metal  united  to  different  proportions  of  oxygen  pro- 
duces compounds  differing  in  colour:  thus  we  have  the  black 
nnd  red  oxide  of  mercury,  the  white  and  the  black  oxide  of 
manganese,  fyc, 

lis.  There  is  a  certain  state  of  oxidation,  peculiar  to  the  dif- 
^r \t.i  utJ\  ^^rent  metals,  in  which  they  are  most  readily  acted  upon  by  the 
f  n  oi.  ;utc  of  several  acids.     Iron  and  manganese,  for  example,  at  the  maxi- 
m. u?'""  °    mum  of  oxidizement,  are  altogether  insoluble  in  nitric  acid ; 
but  readily  dissolve  in  it,  when  combined  with  a  smaller  pro- 
portion of  oxygen.     Even  when  once  brought  into  combination 
with  that  acid,  the  oxide,  by  attracting  a  further  quantity  of 
oxygen  from  the  atmosphere,  or  from  any  other  source,  is  sept- 
rated  in  the  state  of  an  insoluble  precipitate,  which,  however, 
does  not  consist  of  pure  oxide,  but  of  the  oxide,  with  a  certain 
proportion  of  acid.     This  explains  the  change,  which   is  pro- 
duced in  solutions  of  iron,   by  keeping  them  exposed  to  air. 
The  oxides  of  iron  and  manganese,  saturated  with  oxygen,  are 
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sbloUe,  however,  in  the  less  oxygenated  acids  ;  for  example,  in 
the  sulphurous  or  nitrous,  which  first  deprive  the  oxide  of  part  of 
ill  ozgeo,  and  then  dissolve  the  less  saturated  oxide.     II.  1. 472. 

779.  Action  of  Chlorine. — All  the  metals  appear  susceptible  ;yJ;fi^J" 
of  combining  with  chlorine,  and  of  producing  a  class  of  com- 
pounds  which  may  be  termed  metallic  chlorides. 

There  are  a  few  of  the  metals  which  resist  the  action  of  chlo- 
fine  at  common  temperatures,  but  when  heated  they  all  com- 
bine with  it;  some  slowly,  others  rapidly  and  with  intense 
ignition.  Copper  leaf,  powdered  antimony,  arsenic,  4*^.,  burn 
when  thrown  into  the  gas:  mercury  and  iron  inflame  when 
gently  heated  in  it;  silver,  gold,  and  platinum  quietly  absorb  it. 

780.  The  attraction  of  chlorine  for  metals  is  greater  than 
that  of  oxygen ;  consequently,  when  a  metallic  oxide  is  heated 
ID  chlorine,  oxygen  is  evolved,  and  a  chloride  formed.  The 
insoluble  chlorides  are  also  formed  by  adding  solution  of  chlo- 
rine, or  of  muriatic  aci^,  to  the  soluble  metallic  salts.  Thus 
chloride  of  silver  which  is  insoluble,  is  thrown  down  from  the 
soluble  nitrate  of  silver  by  solution  of  chlorine,  of  muriatic  acid, 
and  of  common  salt. 

781.  The  physical  and  chemical  properties  of  the  chlorides  JJ,'J'U*^**V' 
arc  extremely  various.     They  are  nearly  of  all  colours.     Some  ^^nwm?^ 
arc  unchang^  by  heat ;  others  undergo  decomposition.     Some 

arc  soluble,  others  insoluble,  in  water.  Several  of  them  decom- 
pose water,  giving  rise  to  the  formation  of  muriatic  acid,  and 
an  oxide ;  or  in  some  cases  to  a  muriate.  The  same  metal  often 
brms  more  than  one  compound  with  chlorine,  and  these  com- 
pounds are  designated  as  the  oxides.  Thus  we  have  the  proto- 
chloride  and  perchloride  of  mercury,  fyc. 

782.  Many  of  the  metals  decompose  muriatic  acid  in  which  ivconnKs^ 
case  hydrogen  is  evolved,  and  a  metallic  chloride  produced :  """■'**"-■  **^'  • 
and  when  metallic  oxides  are  heated  in  muriatic  acid,  they  gen- 
erally give  rise  to  the  formation  of  a  chloride  and  water. 

783.  Jlction  of  Chloric  Add. — The  compounds  of  tlic  me-  ^  Adion  of 
tallic  oxides  with  chloric  acid  are  decomposed  by  heat  with  the  *^*'''""'  ""* 
copious  evolution  of  oxygen,  and  a  chloride  generally  remains : 

some  of  these  salts  have  been  long  known,  others  only  recently 
investigated.     The  oxychlorates  have  been  scarcely  examined. 

784.  Action  of  /o^/i we.-— Iodine  aided  by  heat  acts  upon  ;f,'J°"^^*- 
many  of  the  metals,  and  produces  metallic  iodides.     Some  of 

these  are  soluble  in  water  without  decomposition;  others  decom- 
pose water  and  produce  hydriodates ;  others  are  insoluble. 
The  insoluble  iodides  may  generally  be  formed  by  adding  a  solu- 
tion of  iodine  or  of  hydriodic  acid  to  the  soluble  metallic  salts. 
Iodine  often  combines  in  more  than  one  proportion  vvitli 
metals,  forming  a  pro t iodide  and  a  periodide. 

785.  Action  of  Iodic  Acid, — The  compounds  of  this  acid  An.on  of  u- 
with  the  metallic  oxides  have  been  hut  little  examined:  they  aie  '*'«»^«<*- 
iecomposed   by  heat,  sometimes  with  the  evolution  of  oxygen 

)Dly;  at  others,  iodine  is  also  given  off. 
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Action  of  hj-  7S6.  •Action  of  Hydrogen. — Hydrogen  forms  permanent 
*^*"*  compounds  with  two  of  the  metals  only,  namely,  arsenic  and 
tellurium.  It  appears  to  combine  with  each  in  two  proportions, 
forming  two  solid  compounds,  the  hydrvrets  or  hydrogurtts  ot 
arsenic  and  tellurium  \  and  two  gaseous  compounds,  arsenurtt-' 
ied  and  telhtretted  hydrogen.  At  high  temperatures  it  dis* 
solves  potassium,  ioTTi\\x\%  polassiuretted  hydrogen  gas. 

There  are  many  of  the  metallic  oxides,  and  a  few  of  thechio- 
rides,   which  are  decomposed   by  hydrogen  :    the  oxides  are 
reduced  with  the  formation  of  water,  and  the  chlorides  with  the 
production  of  muriatic  acid. 
AcUonofwa-      787.  jlcHou  of  Water. — Those  metals  which  are  speedily 
'*''  acted  upon  by  common  air  and  oxygeo,  are  also  generally  suf- 

ceptible  of  decomposing  water ;  some  of  them  rapidly,  othen 
slowly.  There  are  some  metals  which  are  not  acted  upon  by 
air  deprived  of  moisture,  nor  by  water  deprived  of  air;  but 
moist  air.  or  water  containing  air,  effect  their  oxidizemedt :  this 
appears  to  be  the  case  with  iron. — Dr  Marshall  Hall.  Quar- 
terly Journal^  vii.  55. 

Water  combines  with  some  of  the  metallic  oxides,  and  pro- 
Rjdnted      duces  hydrutcd  oxides^  or  metallic  hydrates.     In  these  the 
oiidei.         relative  proportion  of  water  is  definite.     Some  are  easily  de- 
composed by  heat,  as  hydrate  of  copper ;  others  retain  wiler 
even  when  heated  to  redness,  as  hydrate  of  potassa. 
Action  of  ni-      788.  jiction  of  NUric  Acid. — As  no  metal  is  soluble  in  an 
trie  acid.       g^^j^  except  in  the  state  of  oxide,  and  as  the  greater  number  of 
metals  are  capable  of  decomposing  nitric  acid,  and  of  resolving 
it  into  some  of  the  other  nitric  compounds,  nitric  acid  is  a  very 
generally  arting  solvent  of  these  bodies.     It  dissolves  all  the 
metallic  oxides  and  produces  a  numerous  class  of  ni/ra/e^,  which 
if  prepared  with  heat  and  with  excess  of  acid,  generally  contain 
the  metal  at  its  maximum  of  oxidizement.     The  nitrates  are  all 
decomposed  by  a  red  heat ;  they  give  off  oxygen,  either  sepa- 
rate, or  combined,  and  the  metallic  oxide  remains.     They  are 
also  decomposed  when  heated  with  sulphur,  phosphorus,  or  char* 
coal;  and  sulphurous,  phosphoric,  and  carbonic  acids  are  form* 
ed ;  the  phosphoric,  being  a  fixed  acid,  remains  united  to  the 
metallic  oxide;  while  the  sulphurous  and  carbonic  acids  are 
usually  expelled.     The  nitrates  are  decomposed   by  sulphuric 
acid,  nitric  acid  is  evolved,  and  sulphates  ^re  formed. 
ForportioB      789.  In  the  neutral  nitrates  the  proportion  of  oxygen  in  the 
•f  o  yren  io  ^^id  is  to  that  in  the  base  as  5  to  1.     Thus  in  the  nitrate  of 

ncum.1    ni-  »     *  » 

tratei.  potassa  48  parts  of  potassa,  containing  8  of  oxygen,  are  com- 

bined with  54  of  nitric  acid,  containing  40  of  oxygen  ;  and  in 
the  pernitrate  of  copper,  80  parts  of  peroxide  of  copper  con- 
taining 16  of  oxygen,  are  combined  with   108  of  nitric  acid, 
.  containing  84  of  oxygen. 

AetioBoftm.      ^^^*  ^^^^^^  of  Ammonia. — At  high  temperatures  some  of 
moou.         the  metals  are  capable  of  decomposing  ammonia.     Liquid  am- 
monia dissolves  several  of  the  metallic  oxides,  and  with  some 
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of  them  forms  crystallizable  compounds.  The  compounds  of 
ammonia  with  the  oxides  of  gold,  silver,  and  platinum,  detonate 
wlien  heated,  aad  the  oxide  and  the  ammonia  are  both  decom- 
posed. 

791.  Action  of  Sulphur. — All  the  metals  appear  capable  of  \'^^;^"  **'"*" 
ibrming  sulphurets.  These  are  in  some  cases  formed  by  heat- 
ing the  metal  with  sulphur ;  in  others,  by  decomposing  the  sul- 
fates ;  and  in  others,  by  the  action  of  sulphuretted  hydrogen. 
The  sulphurets  are  in  general  brittle;  some  have  a  metallic 
lustre;  others  are  without  lustre.  Some  are  soluble,  others 
insoluble  in  water.  When  the  same  mclal  forms  two  sulphurets, 
the  sulphur  in  those  containing  the  largest  proportion  is  an  exact 
siniple  multiple  of  the  sulphur  in  those  containing  the  smallest 
proportion.  When  the  metallic  sulphurets  are  heated,  some 
undergo  no  change,  as  those  of  sodium  and  potassium ;  others 
sublime  unaltered,  as  sulphuret  of  mercury;  others  lose  a  por- 
tion of  their  sulphur,  and  if  air  be  admitted,  sulphurous  acid 
escapes  and  the  metal  passes  into  the  state  of  oxide,  as  sulphuret 
of  lead ;  others  again  are  entirely  decomposed,  the  metal  being 
completely  reduced  ;  this  happens  on  heating  sulphuret  of  plati- 
num or  of  gold.  It  is  doubtful  whether  any  definite  compounds 
of  sulphur  with  the  metallic  oxides  exist. 

7918.  Hyposulpkurous  acid  combines  with  the  metallic  oxides  Hypo«,i- 
and  produces  a  class  of  salts  termed  hyposulphites.  Several  of  f^"«*- 
these  have  been  examined  by  Mr  Herschel  {Edinburgh  Phi- 
losophical Journal,  i.)  In  some  of  their  characters  they 
resemble  the  sulphites  :  they  are  easily  soluble  ;  of  a  bitter  or 
sweet  taste;  and  decomposed  by  a  heat  below  redness,  and  by 
almost  all  other  acids.  Their  solutions  readily  dissolve  chloride 
of  silver. 

793.  Sulphurous  acid  combines  with  many  of  the  metallic  Suipbitei. 
oxides,  producing  sulphites ;  in  some  instances  oxygen  is  trans- 
ferred firom  the  oxide  to  the  acid,  and  sulphates  result. 

The  sulphites  are  soluble  in  water,  and  have  a  sulphurous 
taste  and  smell.  Exposed  to  moist  air,  they  absorb  oxygen, 
and  pass  into  the  state  of  sulphates.  They  are  decomposed  by 
sulphuric  acid,  which  expels  sulphurous  acid,  and  the  salts  are 
converted  into  sulphates.  When  perfectly  pure  they  are  not 
affected  by  solution  of  baryta. 

794.  Hyposulphuric  acid  forms  with  the  metallic  oxides  a  Hypowi- 
class  of  hyposulphates  which  have  been  very  imperfectly  ex-  p»»»i«»- 
amined.     They  do  not  afford  precipitates  with  solution  of  baryta. 

795.  Sulphuric  acid,  in  its  concentrated  state,  is  acted  upon 
by  a  few  of  the  metals  only  ;  when  diluted,  some  of  them  are 
oxidized  at  the  expense  of  the  water,  hydrogen  is  evolved,  and 

the  metallic  oxide  combines  with  the  acid,  producing  a  sulphate,  suiphat«f. 
In  these  cases  the  hydrogen   evolved  is  the  indicator  of  the 
quantity  of  oxygen  transferred  to  the  metal ;  every   volume  of 
hydrogen  is  the  equivalent  of  half  a  volume  of  oxygen,  and 
accordingly  the  production  of  100  cubic  inches  of  hydrogen , 

28 
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indicates  ihe  transfer  of  50  of  onygen,  or  by  weiffht  of  about 
17  grains.  As  diflercnt  metals  unite  to  different  weif^hls  of 
oxygen,  Ihey  iviM  obviously  evolve  different  quantities  of  hy- 
drogen. Thus,  if  one  metal,  lo  become  soluble  in  sulphuric 
acid,  require  to  be  united  wiili  15,  and  another  with  30  per 
cent,  of  oxygen,  the  latter  will  evolve  twice  the  volume  of 
hydrop;en,  compared  with  the  former. 

As  the  evolution  of  hydrogen,  during  the  solution  of  a  metal 
in  dilute  sulphuric  acid,  is  referable  lo  its  oxidizement,  no  hy- 
drogen will  be  evolved  by  the  action  of  the  acid  upon  an  oxtdcj 
but   it  will    be  merely  dissolved. 

The  sulphates  are  an  important  class  of  salts.  The  greale 
number  of  them  are  soluble  in  ivater,  and  the  solutions  an 
rendered  turbid  by  solutions  of  baryta.  They  are  all  decom- 
posed at  a  red  heal  by  charcoal,  anfl  most  of  them  are  thus  con- 
verted into  sulphurets;  carbonic  acid,  and  carbonic  oxide,  being 
at  the  same  time  evolved. 

In  the  neutral  sulphates  the  proportion  of  oxygen  in  the  aeii 
is  to  that  in  the  base  as  3  lo  1,  Thus  sulphate  of  soda  is  con- 
posed  of  32  soda  containing  S  of  oxygen,  combined  with  40  of 
sulphuric  acid  containing  34  of  oxygen. 
,i  79fi.  Action  of  Sulphuretted  Hydrogen. — It  seems  doubt- 
ful whether  any  of  the  metals  combine  with  sulphuretted  hydro- 
gen. It  unites  with  several  of  their  oxides,  and  forms  hydro- 
sulphuretted  oxides.  Many  of  these  compounds  are  insolttblt, 
and  may  be  formed  by  adding  a  solution  of  sulphuretted  hydro- 
gen, or  of  hyili'osulphuret  of  ammonia,  lo  solutions  of  the  respec- 
tive metallic  salts.  Sometimes,  however,  a  dccomposilton  is 
effected  in  these  cases,  both  of  the  sulphuretted  hydrogen  aoil 
of  the  oxide,  and  a  metallic  sulphuitt  is  formed,  the  hydrogen 
combining  with  the  oxygen  of  the  oxide  to  form  water,  and  the 
sulphur  uniting  to  the  metal.  In  a  few  cases  the  metallic  oxide 
is  reduced. — For  the  effect  of  sulphuretted  hydrogen  and  of 
hydroaulphurct  of  ammonia  upon  solutions  of  several  of  the 
metals,  as  far  as  colour  of  the  precipitate  is  concerned,  see 
Tables. 

797.  Action  of  Phosphorxis. — Phosphorus  combines  with 
the  greater  number  of  the  metals,  forming  a  series  of  metallic 
phospkurets.  There  are  two  methods  of  forming  them  ;  either 
by  heating  a  mixture  of  phosphorus  and  the  metal,  or  project- 
ing phosphorus  upon  the  metal  previously  heated  lo  redness;  0( 
by  heaiipg  a  mixture  of  ihe  metal  or  lis  oxide,  with  phosphoric 
acid  and  charcoal.  These  phosphurets  have  a  metallic  lustra; 
if  ihey  contain  a  difGcullly  fusible  metal  they  are  more  fusible 
than  the  metal  they  contain  ;  if  an  easily  fusible  metal,  lets 
so.  They  are  mostly  crystal  I  izable,  and  totally  or  partially 
decomposable  al  a  high  temperature.  The  greater  number 
of  thp  phosphurets  bave  only  been  examined  by  Pelletier. 
— ^nnales  de  Ckimie,  Tom.  i.  el  xiii.  and  Mimoires  et  ob- 
servations de  Chimie. 
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798.  The  metallic  phosphates  may  be  formed  cither  by  dis-  rhosphatei. 
•olving  the  oxides  in  phosphoric  acid,  or  by  adding  a  solution 

of  phosphoric  acid,  or  of  an  alkaline  phosphate,  to  solutions  of 
those  metals  which  form  insoluble  or  difficultly  soluble  phos- 
phates. The  greater  number  of  the  phosphates  are  decomposed 
oy  ignition  with  charcoal ;  and  those  containing  volatile  oxides 
are  yolatilized  at  h»gh  temperatures. 

Id  the  neutral  phosphates  the  quantity  of  oxygen  in  the  acid 
is  to  that  in  the  base  as  2  to  1.  Thus  phosphate  of  soda  consists 
of  32  soda  containing  8  oxygen,  and  28  phosphoric  acid  contain- 
ing 16  of  oxygen. 

799.  When  phosphorus  is  introduced  into   the  solutions  of 
those  metals  which  have  but  a  feeble  attraction  for  oxygen,  it  ^'^ 
redaces  them  to  the  metallic  state.     Thus  gold,  silver,  and  plati- 
num are  thrown  down  by  immersing  a  stick  of  phosphorus  into 
their  respective  solutions. 

800.  Jlction  of  Carbon. — Carbon  unites  to  very  few  of  the  ^^^^^^^ 
metals,  and  of  the  metallic  carburets,  one  only  is  of  importance 
namely  carburet  of  iron,  or  sieeL 

801.  Carbonic  acid  unites  with  the  greater  number  of  the 
metallic  oxides  and  forms  Carbonates,  of  which  the  distinctive  carbontie.. 
characters  have  already   been  noticed ;  many  of  them  are  of 
difficult  solubility,  and   may  be  formed  by  adding  an  alkaline 
carbonate  to  the  metallic  solution.      Of  the  carbonates  some 

are  entirely,  and  others  only  partially  decomposed  at  a  red 
heat.  Caroonste  of  magnesia,  for  instance,  loses  the  whole  of 
its  carbonic  acid  at  a  red  heat ;  carbonate  of  potassa  retains  it ; 
and  bi-carbonate  of  potassa  loses  one-half  and  passes  into  the 
state  of  carbonate. 

802.  The  action  o/  Boron  upon  the  metals  has  not  been  Action  of 
investi^ted,  though  it  appears  from  the  experiments  of  Desco-  ^'"^'^' 
tils,  (Recherches  Physico-chymiques  de  M.  M.  Gay-Lussac 

et  Thenard)  to  be  capable  of  uniting  to  platinum  and  iron. 
These  compounds  may  be  called  borurets.  The  metallic  borates 
are  numerous  but  mostly  unimportant.  Many  of  them  are 
insoluble  and  easily  formed  by  adding  solution  of  boracic  acid, 
or  a  soluble  borate  to  the  metallic  solution. 

803.  Action  of  Metals  upon  each  other. — The  metals  may  Action  of  me- 
for  the  most  part  be  combined  with  each  other,  forming  a  very  lihcT"***^** 
important  class  of  compounds,  the  metallic  alloys. 

In  the  new  nomenclature,  the  word  allot  is  retained  as  a  Aiioy*. 
general  term  for  all  combinations  of  metals  with  each  other ; 
and  the  specific  name  is  derived  from  that  of  the  metal,  which 
prevails  in  the  compound.  Thus  in  the  alloy  of  gold  with 
silver  J  the  gold  is  to  be  understood  as  being  in  greatest  propor- 
tion ;  in  the  alloy  of  silver  with  gold,  the  silver  is  the  princi- 
ple ingredient. 

804.  The   compounds  of  mercury  with  other  metals,  at  a 

very  early  period  of  chemistry,  were  called  amalgams,  and  as  Am^igan*. 
the  name  does  not  lead  to  any  erroneous  notions,  it  may  still 
be  retained  to  denote  this  sort  of  alloy.     H.  1.  491. 
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Process  for  805.  Various  processes  are  adopted  in  the  formation  of  alloys 
^ormi.ig  ai-  depending  upon  the  nature  of  the  metals.  Many  are  prepared 
by  simply  fusing  the  two  metals  in  a  covered  crucible;  but  if 
there  be  a  considerable  difference  in  the  specific  gravity  of  the 
metals,  the  heavier  will  often  subside,  and  the  lower  part  of  the 
bar  or  ingot,  will  differ  in  composition  from  the  upper;  this 
may  be  prevented  by  agitating  the  alloy  till  it  solidifies.  Mr 
Hatchett  found  that  when  an  alloy  of  gold  and  copper  was  cast 
into  bars,  the  moulds  being  placed  perpendicularly,  the  upper 
part  of  the  bar  contained  more  copper  than  the  lower. — PkiL 
Trans.  1803. 

When  one  of  the  metals  is  very  volatile,  it  should  generally 
be  added  to  the  other  after  its  fusion ;  and  if  both  metals  be 
volatile,  they  may  be  sometimes  united  by  distilling  them 
together. 

It  has  been  a  question  whether  alloys  are  to  be  considered  as 
compounds,  or  as  mere  mixtures  ;  but  their  properties  leare 
little  doubt  of  their  being  real  compounds,  and  in  some  cases 
they  are  found  to  unite  in  definite  proportions  only  ;  and  il  is 
probable  that  all  the  alloys  contain  a  definite  compound  of  the 
two  metals. 

806.  The  principal  characters  of  the  alloys  are  the  following : 
chamctcri  ^*  We  obscrvc  a  change  in  the  ductilit}^,  malleability,  hard- 
er alloys,  ness,  and  colour.  Malleability  and  ductility,  are  usually  im- 
paired, and  often  in  a  remarkable  degree :  thus  gold  and  lead, 
and  gold  and  tin,  form  a  brittle  alloy.  The  alloy  of  copper  and 
gold  is  harder  than  either  of  its  component  parts;  and  a  minute 
quantity  of  arsenic  added  to  copper,  renders  it  white. 

ii.  The  specific  gravity  of  an  alloy  is  rarely  the  mean  of  its 
component  parts;  in  some  cases  an  increase,  in  others  a  dimi- 
nution of  density  having  taken  place. 
r.isihiiit  '*'•  '^^^  fusibility  of  an  alloy  is  generally  greater  than  that  of 

greater  than  its  compoucnts.     Thus  platiuum,  which  is  infusible  in  our  com- 
Lmponriur  ^lou  fumaccs,  forms,  when  combined  with  arsenic,  a  very  fusi- 
ble alloy  ;  and   an  alloy  of  certain  proportions  of  lead,  tin,  and 
bismuth  is  fusible  at  212^,  a  temperature  several  degrees  below 
the  melting  point  of  its  most  fusible  constituent. 
Morcoiidi-        i^*  Alloys  are  generally  more  oxidizable  than  their  constitu- 
sabie.  entg  taken  singly  ;  a  property  which  is,  perhaps,  partly  refenn 

ble  to  the  formation  of  an  electrical  combination.  Where  an 
alloy  consists  of  two  metals,  the  one  easily  and  the  other  diffi- 
cultly oxidizable,  it  may  be  decomposed  by  exposing  it  to  the 
action  of  heat  and  air,  the  former  metal  being  converted  into 
an  oxide ;  its  last  portions,  however,  are  often  not  easily  sep- 
arated, being  protected  by  combination  with  the  least  ozidable 
metal.  An  alloy  of  three  parts  of  lead  and  one  of  tin  is  infi- 
nitely more  oxidizable  than  either  of  its  components,  and  easily 
burns  at  a  dull  red  heat. 
ii-TdT on"*!!.  ^'  ^^^  action  of  acids  on  alloys  may  generally  be  anticiptted 
Ivy.  by  a  knowledge  of  their  effects  upon  the  constituent  metab; 
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but  if  a  solable  metal  be  alloyed  with  an  insoluble  one,  the 
Jonner  is  often  protected  by  the  latter  from  the  action  of  an 
add.  Thus,  silver  alloyed  with  a  large  quantity  of  gold,  resists 
the  action  of  nitric  acid  in  consequence  of  the  insolubility  of 
the  latter  metal  in  that  acid  ;  and,  in  order  to  render  it  soluble, 
it  is  requisite  that  it  should  be  made  to  form  about  a  fourth  part 
of  the  alloy,  in  which  case  the  nitric  acid  extracts  it,  and  leaves 
the  gold  in  an  insoluble  film  or  powder.* 

807.  Various  classifications  of  the  metals  have  been  adopted 
by  chemical  authors;  some  dependent  upon  their  physical, 
others  upon  their  chemical  properties.  The  former  can  scarcely 
be  considered  as  adapted  to  chemical  inquiry,  and  the  latter 
involve  numerous  di£5culties  in  consequence  of  the  gradual 
transition  of  metals  of  one  class  into  those  of  another.  We  may 
consider  the  metals  in  the  order  in  which  they  are  set  down  in 
the  following  Table,  and  which  is  nearly  that  of  their  respec- 
tive attractions  for  oxygen. 


1 

Potassium 

2 

Sodium 

3 

Lithium 

4 

Calcium 

5 

Barium 

6 

Strontium 

7 

Magnesium 

8 
9 

Manganese 
Iron 

10 

Zinc 

11 

Tin 

12 

Cadmium 

13 
14 

Copper 
Lead 

15 

16 

Antimony 
Bismuth 

17 

Cobalt 

18 

Uranium 

19 

Titanium 

20 

Cerium 

21 

Tellurium 

22 

Selenium 

23 

Arsenic 

24 

Molybdenum 

25 

Chromium 

26 

Tungsten 

27 

Columbium 

28 

Nickel 

29 

Mercury 

30 

Osmium 

MeUls  in  tb« 
order  of  thrir 

31 

Iridium 

attractioM  for 

32 

Rhodium 

oxygtn. 

33 

Palladium 

34 

Silver 

35 

Gold 

36 

Platinum 

37 

Silicium 

38 

Alumium 

39, 

Zirconium, 

40 

Glucium 

* 

41 

Yttrium 

42 

Thorinum 

Of  these  metals  the  first  seven  produce  alkaline  oxides  which 
are  very  difficult  of  reduction ;  and  they  rapidly  decompose 
water  at  all  temperatures,  a  character  which  announces  their 
powerful  attraction  for  oxygen ;  the  next  five  decompose  water 
when  their  temperature  is  raised  to  redness :  the  ten  following 
do  not  decompose  water  at  a  red  heat ;  nor  do  the  next  five, 
which  produce  acids  by  uniting  to  oxygen.     The  oxides  of  these 

*  This  cooititatei  the  proceu  caJled  Qvarfad'on. 
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twenlj-seven  melals  arc  not  reducible  by  beat  alone,  thotigb 
someof  them. when  heated, giveoula  portion  of  oxygen.  The 
nine  melals  which  next  follow,  osmium  excepted,  hove  a  com- 
paratively feeble  aitraclion  for  oxygen  ;  and  when  their  oxidet 
are  heated,  they  are  reduced  to  the  metallic  stale.  The  last  «x 
melals  are  placed  in  the  lisl  from  analogy;  ihey  are  only  knowa 
in  the  state  of  oxides,  which  have  not  liitherto  been  reduced. 


Section  I.     Polassium. 

SOS.  This  metal  was  discovered  in  1807  by  Sir'H.  Davy 
{Philos.  Trans.  1808.)  He  obtained  it  by  submitting  caustic 
polassa.  or  potash,  to  ibe  aclion  of  Voilalu  electricity :  the  metal 
was  slowly  evolved  at  the  posilive  pole. 

809.  To  this  discovery  and  oihcrs  of  a  similar  kind  Sir  H. 
Davy  was  led  by  a  train  of  inductive  reasoning,  which  is  not 
surpassed   by   any  investiiration  in  ibe   history  of  the  physiul 

_  sciences.  From  the  facts  which  had  become  known  respecting 
I'  the  powers  of  electrical  decomposition,  it  appeared  to  be  a 
natural  inference,  that  the  same  powers  applied  in  a  state  of  the 
highest  intensity,  might  disunite  the  elements  of  some  bodies, 
which  had  resisted  all  other  instruments  of  analysis.  If  potasst^ 
for  example  were  an  oxide,  composed  of  oxygen  united  to  U 
inflammable  base,  it  seemed  probable  that  wben  subjected  to  the 
action  of  opposite  eleclricilies,  the  oxygen  would  be  attracted 
by  the  positive  wire  and  repelled  by  the  neijaiive.  At  thesame 
time,  the  reverse  process  might  be  expected  to  take  place  with 
respect  to  the  combustible  base,  the  appearance  of  which  might 
be  looked  for  at  the  negative  pole. 

810.  In  his  first  expeiiments,  suggested  by  these  views, 
Sir  II,  Davy  failed  to  effect  the  decomposition  of  potash,  owing 
to  his  employing  the  alkali  in  a  state  of  aqueous  solutioo,  and  to 
the  consequent  expenditure  of  the  electrical  energy  in  the  mere 
decomposition  of  waler.  In  his  next  trials,  the  alkali  was 
liquefied  by  heat  in  a  platinum  dish,  the  outer  surface  of  which, 
immediately  under'the  alkali,  was  connected  With  the  zinc  or 
positive  end  of  a  battery  consisting  of  100  pairs  of  plates,  each 
six  inches  square.  In  this  slate  the  potash  vvas  touched  with  a 
platinum  wire  proceeding  from  the  cop|ier  or  negative  end  of 
the  battery ;  when  instantly  a  most  intense  light  was  cxhibried 
at  the  negative  wire,  and  a  column  of  flame  arose  from  the  point 
of  contact,  evidently  owing  to  the  developement  of  combustible 
matter.  The  results  of  the  experiments  could  not,  however,  be 
collected,  but  were  consumed  immediately  on  bei[ig  formed. 

811.  The  chief  difficulty  in  subjecting  polassa  to  elvctrlcil 
-  action  is,  that,  in  a  perfectly  dry  slate,  it  is  a  complete  non- 
''  conductor  of  electricity.     When  rendered,  however,  in  the  least 

degree  moist  by  breathing  on  it,  it  readily  undergoes  fusioti  and 
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decomposition,  by  the  application  of  stronj^^  electricd  powers. 
For  this  purpose,  a  piece  of  potash,  weighing  from  60  to  70 
grains,  may  be  placed  on  a  small  insulated  plate  of  platinum, 
and  may  be  connected,  in  the  way  already  described,  with  the 
.opposite  end  of  a  powerful  electrical  battery,  containing  not 
less  than  100  pairs  of  six  inch  pl^ates.  On  establishing  the  con- 
nexion, the  potash  will  fuse  at  both  places,  where  it  is  in  con- 
tact with  the  platinum.  A  violent  effervescence  will  be  seen  at 
the  upper  surface,  arising,  as  Sir  H.  Davy  has<iscertained,  from 
the  escape  of  oxygen  gas.  At  the  lower  or  negative  surface, 
no  gas  will  be  liberated ;  but  small  bubbles  will  appear,  having 
a  hi^h  metallic  lustre,  and  being  precisely  similar  in  visible 
characters  to  quick»ilver.  Some  of  these  srlobules  burn  with 
an  explosion  and  bright  flame;  while  others  are  merely  tarnish- 
ed, and  are  protected  from  farther  change  by  a  white  film,  which 
forms  on  their  surface. 

This  production  of  metallic  globules  is  entirely  independent  produc«diH 
of  the  action  of  tlie  atmosphere ;  for  Sir  H.  Davy  finds,  that  ^*'^"°- 
they  may  be  produced  in  vacuo, 

812  To  preserve  this  new  substance,  it  is  necessary-  to  im- 
merse it  immediately  in  pure  naplha,  a  fluid  which  will  be  de-  ^^J*^' 
scribed  in  a  subsequent  part  of  the  work.  If  exposed  to  the 
atmosphere,  it  is  rapidly  converted  back  again  into  the  state  of 
pure  potassa.  To  prevent  its  oxidation  still  more  effectually, 
Mr  Pepys  has  proposed  to  produce  it  under  naptha ;  and  has 
contrived  an  ingenious  apparatus  for  this  purpose,  which  is 
described  in  the  31st  volume  of  the  Philosophical  Magazine, 
pa^24I. 

813.  Nothing  can  be  more  satisfactory  than  the  evidence 
furnished  by  these  experiments,  of  the  nature  of  one  of  the 
fixed  alkalies.  By  the  powerful  agency  of  opposite  electricities, 
it  is  resolved  into  oxygen  and  a  peculiar  base.  This  base 
like  other  combustible  bodies,  is  repelled  by  positively  electri- 
fied surfaces,  and  attracted  by  negative  ones ;  and  hence  its  own 
natural  state  of  electricity  must  necessarily  be  positive.  Again, 
by  uniting  with  oxygen,  it  is  once  more  changed  into  alkali, 
either  slowly  at  ordinary  temperatures ;  or  with  heat  and  light, 
at  high  temperatures.  We  have  the  evidence,  therefore,  both 
of  analysis  and  synthesis,  that  potassa  is  a  compound  of  oxygen 
with  a  peculiar  inflammable  basis. 

814.  In  assigning  to  this  newly  discovered  substance  a  fit  Rfaw^mfor 
place  among  the  objects  of  chemistry.  Sir  H.  Davy  was  induced  [t'^'^^ur* 
to  class  it  among  the  metals,  because  it  agrees  with  them  in 
opacity,  lustre,  malleability,  conducting  powers  as  to  heat  and 
electricity,  and  in  its  qualities  of  chemical  combination.     The 

only  property  which  can  be  urged  against  this  arrangement,  is 
its  extreme  levity,  which  even  exceeds  that  of  water.  But  when 
we  compare  the  differences  which  exist  among  the  metnis  ihem- 
selves,  this  will  scarcely  be  considered  as  a  valid  objection. 
TelJurium^  for  example,  which  no  chemist  hesitates  to  consider 
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as  a  metal,  is  only  about  six  times  heavier  than  the  base  of 
potassa,  while  it  is  four  times  lighter  than  platinum  ;  thus  form- 
ing a  sort  of  link  between  the  old  metals  and  the  bases  of  the 
alkalies. 

S15.  In  giving  names,  therefore,  to  the  alkaline  bases.  Sir  H. 
Davy  has  adopted  that  termination,  which,  by  common  consenti 
has  been  applied  to  other  newly  discovered  malals,  and  n-hich, 
though  orif;inally  Latin  Is  now  naluralized  in  our  language. 
The  base  of  potassa  he  has  called  potassium,  and  the  base  of 
soda,  SODIUM  ;  and  these  names  have  n^t  with  universal  accep- 
tion  among  chemical  philosophers. 

816.  Process  for  preparing  Potassium. — It  is  not,  how- 
>Tob.  ^^^'■'  ^y  electrical  means  only  that  the  decomposition  of  potassa 
pi.cu-  has  been  accomplished.     Soon  after  Sir  H.  Davy's  discoveries 

were  known  at  Paris,  Messrs  Gay-Lossac.  and  Thenard*  suc- 
ceeded in  their  attempts  to  decompose  boUi  the  fixed  alkalies, 
without  the  aid  of  a  Voltaic  apparatus,  merely  by  the  interven- 
tion of  chemical  aiGnities.  Their  process,  though  it  affords  tbe 
alkahne  bases  of  less  purity,  yields  them  in  much  larger  quan- 
tity, than  the  electrical  analysis,  vis.  to  the  amount  of  oearly 
400  grains  by  one  operation.  It  consists  in  bringing  the  alkaliei 
into  contact  with  intensely  heated  iron,  which,  at  this  tempera- 
ture, altracts  oxygen  more  strongly  than  the  alkaline  biu 
retains  it. 

817.  The  apparatus  used  for  obtaining  potassium,  has  x  gen- 
Apiwnuu  for  eral  resemblance  to  that  which  is  employed  for  deeompoaing 
-■—  -If  po-  ^.gjpj,  [jy  means  of  iron.     It  consists  of  a  gun-barrel  curved  u 

in  fig,  120,  which  Is  copied  from  Thenard's  Trailede  Chimit. 
At  one  end  the  barrel  is  drawn  out  to  rather  a  smaller  diameter; 
and,  before  being  used,  it  is  to  be  covered  between  b  and  /",  with 
a  lute  of  infusible  clay, — (the  lute  may  consist  of  live  puis 
sand  and  one  pollers  cloy — )  which  should  be  su0ered  to  dry 
thoroughly.  Into  the  barrel  betweenyand  b,  cleiin  iron  turn- 
ings are  to  be  introduced,  and  between  a  and  0  pieces  of  solid 
hydrate  of  potassa.  A  tube  of  safety  is  to  be  luted  to  the  end 
a,  and  Is  to  be  immersed  in  mercury  in  the  glass  vessel  m. 
To  the  smaller  end  of  the  barrel,  a  short  piece  of  copper  lube, 
g,  is  accurately  ground,  and  to  this  last  a  small  copper  receiver, 
A,  destined  lo  collect  the  potassium,  is  fitted  by  grinding.  To 
the  other  end  of  h,  a  tube  of  safety,  i,  Is  to  be  luted,  and  made 
to  dip  into  mercury  contained  in  the  vessel  /,  but  lo  a  less  depth 
than  the  safety  tube  m. 

A  strong  heat.  Is  now  to  be  raised  in  the  furnace,  and,  while 
this  is  doing,  ihe  part  of  the  barrel  containing  the  potassa,  as 
well  as  the  end  /,  and  the  attached  copper  lube  and  receiver, 
should  be  kept  cool  by  wet  cloths.  If  gas  now  issues  abundantly 
through  the  safety  tube  t,  the  juncture's  may  be  concluded  to  be 
tight.  When  ihe  barrel  has  become  white  hoi,  the  poiasaa  may 
be  melted  by  burning  charcoal  contained  In  a  moveable  cagejfc 
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It  will  then  flow  upon  the  intensely  if^nited  iron  turnings,  and 
a  bum  quantity  of  hydrogen  gas,  holding  some  potassium  in 
solution,  will  issue  through  the  safety  tube,  i.  The  cage  may 
DOW  be  removed  for  a  short  time ;  and,  when  the  production  of 
gas  slackens,  it  may  be  restored  to  its  place.  These  operations  . 
may  be  repeated  alternately  till  no  more  gas  is  evolved ;  after 
which  the  heat  in  the  furnace  should  be  made  as  intense  as  pos- 
sible, in  order  to  drive  off  some  of  the  potassium  which  strongly 
adheres  to  the  iron  turnings.  If  the  escape  of  the  gas  through 
i  should  at  any  time  cease  during  the  operation,  and  take  place 
through  m,  this  will  probably  be  owing  to  a  lodgment  of  potas- 
sium at  the  end  y,  of  the  barrel,  from  which  it  may  be  melted 
into  the  copper  receiver,  by  holding  a  little  red-hot  charcoal 
und^  the  part  where  it  has  condensed.  The  principle  diffi- 
culty in  the  process  of  decomposing  pbtassa,  is  to  excite  suffi- 
cient heat  without  melting  the  gun-barrel ;  and  to  this  object 
the  attention  of  the  operator  must  be  carefully  directed,  through- 
out the  whole  manipulation. 

At  the  close  of  the  operation,  as  soon  as  the  vessels  g  and  h 
are  sufficiently  cool,  they  are  to  be  removed,  then  filled  with 
naptha,  emptied  again,  and  quickly  stopped  with  corks.  As  a 
portion  of  potassium  generally  remains  in  the  portion  y*,  the 
barrel  should  also  be  plugged  by  an  iron  stopper  provided  for 
the  purpose.  When  sufficiently  cold  it  may  be  removed  from 
the  fomtee,  and  a  little  naptha  passed  through  it.  The  potas- 
sium must  be  detached  in  as  large  pieces  as  possible  from  the 
barrel,  and  from  the  copper  receiver,  and  be  kept  under  recti- 
fied naptha  in  a  well-stopped  phial. 

818.  When  the  iron  turnings  are  very  clean,  the  potash  very 
dry  and  pure,  and  the  whole  apparatus  free  from  foreign  matters, 
the  metal  produced  differs  very  little  from  that  obtained  by  a 
Voltaic  battery.  Its  lustre,  ductility,  and  malleability  are  simi- 
lar. Its  point  of  fusion  and  specific  gravity,  however,  are  a 
little  higher ;  for  it  requires  nearly  130°  Fahr.  to  render  it  per- 
fectly fluid,  and  is  to  water  as  796  to  1000  at  60°  Fahrenheit. 
This  Sir  H.  Davy  ascribes  to  contamination  with  a  minute  pro- 
portion of  iron.  The  affinities,  indeed,  by  which  the  decom- 
position is  produced,  he  supposes  to  be  those  of  iron  for  oxygen, 
of  iron  for  potassium,  and  of  potassium  for  hydrogen.  H. 
1.  407- 

Mr  Tennant's  apparatus  by  which  we  can  obtain  potassium  MrTennam-s 
with  the  heat  of  a  common  forge,  fig.  121,  consists  of  a  gun  »??*««••>• 
barrel  a,  eighteen  inches  long,  closed  at  one  end,  and  whose 
thickest  part  is  widened  by  means  of  a  hammer ;  it  is  coated 
externally  with  a  lute  similar  to  that  mentioned   in  the  preced- 
ing apparatus ;    the  mixture  of  potash  and  cuttings  of  iron 
proper  to  furnish  the  potassium  is  introduced,  and -the  tube  is. 
fixe4  with  a  certain  inclination   in  a  reverberatory   furnace  or 
forge  y*/   in  the  upper  part  of  the  barrel  is  inserted  a  narrower 
tube  if  seven  or  eight  inches  long,  having  a  small  hole  at  its 
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lower  end,  in  which  the  vaporized  polaseium  ought  to  paas: 
this  lube  sho'jiil  not  be  entirety  inserted  in  the  former;  about 
an  inch  should  extend  beyontJ  it,  in  order  to  remove  it  with 
more  ease  ;  at  its  upper  end  an  empty  tube  c,  is  fixed  and  closed 
with  a  cork,  through  which  passes  a  bent  glass  lube  r,  in  which 
a  little  mercury  is  put.  The  part  of  the  tube  c,  tl,  which  is  out 
of  the  furnace,  should  be  kept  in  wet  linen  or  brown  paper,  to 
facilitate  the  condensation  of  Ihe  metal.  Thin°;s  being  so  dis- 
posed, a  strong  heat  is  applied  about  an  hour,  and  the  polassimn 
is  obtained  in  the  tube  /. 

810.  Charcoal,  it  has  been  ascertained  by  Curaudau,*  iiiKf  be 
employed  also,  for  the  decomposition  of  the  alkalies.  To 
ensure  success  in  the  process,  great  attention,  it  appears,  ii 
necessary  lo  the  manipulations,  which  are  fully  described  in  the 
memoir  of  the  inventor.  The  fact  sufficiently  explains  an  ob- 
serralioa  of  Professor  Woodhouset  A  mixture  of  half  a 
pound  of  soot  and  two  ounces  of  pearlash  was  exposed,  for  Iws 
hours,  in  a  covered  crucible  to  an  intense  heat.  Wheo  the 
mixture  became  cold  it  was  emptied  upon  a  plate,  and  a  small 
quantity  of  water  poured  upon  it,  when  it  immediately  too): 
fire.  This  could  only  be  owing  to  the  conversion  of  part  of 
tlie  potassa  into  potassium.     H.  1.  503. 

820.  Potassium  is  a  white  metal  of  great  lustre.  It  exists  m 
small  globules,  which  possess  the  metallic  lustre,  opacity,  tad 
general  appearance  of  mercury  ;  so  that  when  a  globule  of 
mercury  is  placed  near  one  of  potassium  the  e3''e  can  discover 
no  difference  between  them.  It  instantly  tarnisJies  by  exposure 
lo  air.     It  is  ductile,  and  of  the  consistency  of  soft  wax. 

Its  specific  gravity  is  0,S65.  At  150"  it  enters  into  perfect 
fusion  ;  and  at  a  bright  red  heat  rises  in  vapour.  At  33°  it  isa 
hard  and  brittle  solid.  If  healed  in  air  it  burns  with  a  brilliant 
white  flame.  It  is  an  excellent  conductor  of  electricity  and  of 
heat. 

SSI.  Potassium  and  Oxygen. — When  potassium  is  thrown 
°.  into  water, or  upon  a  piece  of  ice,  it  instantly  takes  fire;  hydro- 
gen gas  is  evolved,  and  oxide  of  potassium,  or  potassa,  is 
found  dissolved  in  the  water. — The  quantity  of  hydrogen  evolv- 
ed in  this  experiment  becomes  the  indicator  of  the  proportion 
of  oxygen  which  has  been  transferred  to  the  metal ;  100  parts 
of  potassium  are  thus  found  lo  absorb  20  of  oxygen  ;  and  if 
this  be  considered  a  protoxide,  then  20:  100:  :S:  40, — so 
that  40  will  be  the  number  representing  potassium,  and  40  P. 
-ft)  0.  =  48  will  represent  dry  oxide  of  potassium.  (B) — When 
water  is  made  to  act  on  the  base  of  potassa,  atmospheric  air 
being  excluded,  there  is  much  heat  and  noise,  but  no  luminous 
appearance,  and  the  gas  evolved  is  pure  hydrogen.  Each  grain 
of  potassium,  by  acting  on  water,  detaches  about  t.OQ  cubic 
inches  of  hydrogen  gas.     H, 

822.  The  production  of  alkali,  by  the  action  of  water  on 
potassium,  is  most  satisfactorily  shown,  by  dropping  a  globule 
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of  the  metal  upon  moistened  paper,  which  has  been  tinged  with 
tunneric.  At  the  moment  when  the  globule  comes  into  con-  E^p. 
tael  with  the  paper,  it  burns,  and  moves  rapidly,  as  if  in  search 
of  moisture,  leaving  behind  it  a  deep  reddish-brown  trace,  and 
aeting  upon  the  paper  exactly  like  dry  caustic  potassa.  So 
strong,  indeed,  is  the  affinity  of  potassium  for  oxygen,  that  it 
diseoTers  and  decomposes  the  small  quantities  of  water  contain- 
ed in  aleohol  and  ether,  even  when  carefully  purified,  and  dis- 
engages from  both  these  fluids,  hydrogen  gas.     H.  1.  505. 

823.  Potassa,  in  the  state  it  is  usually  met  with  in  labora-  Poum. 
toriesy  contains  a  considerable  portion  of  water,  from  which  it 
may  be  freed  by  the  action  of  iron  at  high  temperatures,  and 
there  always  remains  in  the  barrel,  after  the  above  experiment, 

a  large  portion  of  dry  poiassa.  It  is  a  hard  grey  substance, 
which,  by  water,  is  slowly  converted  into  the  hydrated  oxide^ 
or  caustic  potash,  which  may  be  obtained  by  evaporation.  This 
substance,  after  exposure  to  a  red  heat,  is  white  and  very  soluble 
in  water;  it  may  be  considered  as  a  compound  of  1  proportional 
of  protoxide  of  potassium  =  48  -|-  1  proportional  of  water  9^ 
and  its  number  =  57. 

824.  Peroxide  of  Potassium. — If  the  metal  be  heated  in  con-  p^^,.j^ 
siderable  excess  of  oxygen,  it  burns  with  intense  heat  and  light, 

and  an  orange-coloured  substance  is  obtained,  which  consists  of 
40  potassium  -f-  24  oxygen  ==  64.  This  peroxide  of  potassium, 
when  put  into  water,  effervesces,  oxygen  is  given  off  and  a 
solution  of  the  hydrated  protoxide  is  obtained.  Peroxide  of 
potassium  is  also  formed  by  passing  oxygen  over  potassa  heated 
to  redness. 

825.  The  hydrated  protoxide  or  caustic  potash^  is  procured 

in  our  laboratories  by  decomposing  its  carbonate  by  lime.  The  ^4  «»>»!^ 
best  process  consists  in  boiling  in  a  clean  iron  vessel,  carbonate  p<>^^*- 
of  potassa,  (obtained  by  calcining  tartar)  with  half  its  weight  of 
pure  quick-lime,  in  water.  The  ley  is  strained  through  clean 
linen,  concentrated  by  evaporation,  again  strained,  and  set  by 
in  a  well-stopped  bottle  till  it  admits  of  being  decanted  clear 
from  the  sediment.  The  clear  solution  is  to  be  evaporated  to 
dryness.  It  is  often  cast  into  sticks  for  the  use  of  surgeons, 
who  employ  it  as  a  caustic,  and  in  this  state  it  generally  con- 
tains some  peroxide,  and  therefore  evolves  oxygen  when  dis- 
solved in  water.  It  is  the  potassa /usa  of  the  London  Phar- 
macopoeia.  It  may  be  further  purified  by  the  action  of  alcohol, 
which  dissolves  the  pure  hydrate  and  leaves  earthy  and  other 
impurities;  the  alcohol  is  then  driven  off  by  heat.  In  this  case 
the  alcohol  is  always  in  some  measure  acted  upon  by  the  potassa, 
and  a  portion  of  carbonaceous  matter  deposited,  so  that  it  should 
be  allowed  to  remain  as  short  a  time  as  possible  combined  with 
the  alkali.  Having  obtained  the  dry  caustic  alkali  by  lime,  it 
may  be  boiled  in  a  silver  basin  with  highly  rectified  alcohol  for 
a  few  minutes^  and  then  set  by  in  a  stopped  phial ;  when  the 
impurities  are  deposited,  the  alcoholic  solution  may  be  poured 
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off  and  rapidly  evaporated  to  dryness  id  a  silver  basin  as  before: 
the  heal  may  (hen  be  raised  so  as  to  fuse  the  potassa.  which, 
on  cooliDg,  should  be  broken  up  and  preserved  in  well-closed 
phials.* 

Hydrate  of  Potassa  l\\^a  purified  is  white,  very  acrid  and 
corrosive,  and  at  a  bright  red  heat  evaporates  in  the  form  of 
while  acrid  smoke.  It  quickly  absorbs  moisture  and  carbonic 
acid  from  the  air,  and  at  60"  one  part  of  water  dissolves  tno. 
It  may  be  crystallized  in  octoedrons.  It  is  highly  alkaline,  and 
being  exclusively  procured  from  vegetables  was  formerly  called 
vegetable  alkali.  When  touched  with  moist  Sngers  it  has  a 
soapy  feel,  in  consequence  of  its  aciioii  upon  the  cuticle.  In 
the  fused  state  it  produces  heat  when  dissolved  in  water;  but 
in  its  crystallized  slate  it  excites  considerable  cold,  cspeciath 
when  mixed  with  snow.  At  a  natural  temperature  of  30°,  M. 
Lowitz  found  that  equal  weights  of  crystallized  potassa  and 
snow  depressed  the  thermometer  45°. — t^nnales  de  Chimity 
xxii. 

826.  Chlorine  and  Potassium  act  very  energetically  upoa 
each  other,  and  produce  the  white  compound  which  has  heeo 
called  muriate  of  potash,  but  wiiicli  is  a  true  chloride  ofpatat- 
sium.  According  lo  Sir  H.  Davy  it  is  constituted  of  75  potas- 
sium -f  67  chlorine  ;  or  of  1  atom  potassium  =  40  +  1  atom  of 
chlorine  =  36  and  its  equivalent  number  is  76. t 

When  potassium  is  heated  in  gaseous  muriatic  acid,  this  com- 
pound is  formed,  and  hydrogen  is  evolved.  It  dissolves  without 
decomposition  in  three  parts  of  water  at  60°.  It  crystallines  is 
cubes  ;  its  taste  is  saline  and  bitter.  In  old  pharmacy  it  waf 
called  salt  of  Sylvius  ;  also,  regenerated  sea-salt. 

827.  Chlorate  of  Polassa  is  formed  by  passing  chlorine 
through  a  solution  of  potassa.  Chloride  of  polnssium  is  one  of 
the  results,  the  other  is  a  salt  in  brilliant  rhomboida]  tablet 
(formerly  called  oxymuriate  of  potash)  the  chlorate. 

This  salt  is  prepared,  upon  the  lui'ge  scale,  by  charging  one 
or  two  Woulfe's  bottles  with  solution  of  carbonate  of  potassa, 
and  passing  chlorine  slowly  through  it :{  the  gas  is  amorbed, 
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and  the  liquor  effervesces  chiefly  from  the  escape  of  carbonic 
acid ;  when  this  has  ceased,  the  liquor  may  be  put  aside  in  a 
0Oikl  dark  place  for  about  24  hours,  when  it  will  be  found  to 
liaTC  deposited  a  considerable  portion  of  the  crystallized  chlo- 
rate which  may  be  taken  out,  drained,  and  purified  by  solution 
in  hot  water,  which,  during  cooling  again,  deposits  the  salt  in 
white  crystalline  scales.  The  liquor  is  generally  of  a  pinkish 
hue»  from  the  presence  of  manganese. 

838.  When  obtained  by  the  absorption  of  chlorine  by  solution 
of  potassa,  the  changes  which  take  place  admit  of  being  explain-  I^ell^^^*' 
ed  as  follows.  Part  of  the  chlorine  may  be  employed  in  decom- 
posing the  water  of  the  alkaline  solution,  forming,  with  its 
hydrogen^  common  muriatic  acid,  while  another  portion  of 
chlorine  unites  with  the  oxygen  thus  set  at  liberty ;  or  the 
change  may  consist  in  the  decomposition  of  potassa,  the  oxygen 
of  one  portion  of  which  may  be  transferred  to  another  portion, 
while  the  chlorine  is  partly  expanded  in  decomposing  water  and 
forming  muriate  of  potassa,  and  partly  in  forming  a  triple 
compound  of  chlorine,  oxygen,  and  peroxide  of  potassium. 
In  this  view  chlorate  of  potassa  is  constituted  of  1  atom  of  potas- 
sium weighing  40,  1  atom  of  chlorine  =  36,  and  6  atoms  of  oxy- 
gen =  48 ;  and  its  equivalent  number  is  the  sum  of  these, 
viz.  124. 

829.  The  taste  of  this  salt  is  cooling  and  austere.     When  tri-  p„perue*. 
turated  it  appears  phosphorescent.     When  exposed  to  a  dull  red 

heat  it  decrepitates,  fuses,  and  gives  out  oxygen,  and  chloride 
of  potassium  remains.  It  is  soluble  in  18  parts  of  cold  and  2,5 
of  boiling  water.  It  acts  very  energetically  upon  many  inflam- 
mables. 

Rub  two  irrains  into  powder  in  a  mortar,  and  add  one  grain  ^ 
of  sulphur.  Mix  them  very  accurately,  by  gentle  triture,  and 
then,  having  collected  the  mixture  to  one  part  of  the  mortar, 
press  the  pestle  down  upon  it  suddenly,  and  forcibly.  A  loud 
detonation  will  ensue. — Or,  if  the  mixed  ingredients  be  wrapped 
in  some  strong  paper,  and  then  struck  with  a  hammer,  a  still 
louder  report  will  be  produced. 

Mix  five  grains  of  the  salt  with  half  the  quantity  of  powder- 
ed charcoal  in  a  similar  manner.     On  triturating  the  mixture  ^'^' 
strongly,  it  will  inflame,  especially  with  the  addition  of  a  grain 
or  two  of  sulphur,  but  not  with  much  noise. 

830.  When  sulphuric  acid  is  poured  upon  mixtures  of  this 

salt  and  combustibles,  instant  ignition  ensues  in  consequence  of  p^^^c  ^01!!^ 
the   evolution  of  oxide  of  chlorine;  and  when  sulphuric  or 
nitric  acids  are  poured  upon   similar  mixtures  under  water  by 
means  of  a  long  funnel,  inflammation  also  ensues. 

Mix  a  small  quantity  of  sugar  with  half  its  weight  of  the  salt, 
and  on  the  mixture  pour  a  little  sulphuric  acid.*     A   sudden  ^^p. 

*  A  Biztare  of  Urii  kind  is  the  basis  of  the  matches,  now  generally  used  for  the  purpose  of  procuring 
imtaataaeoim  lifbt.  The  hottle  into  which  the/  are  dipped,  contains  concentrated  sulphuric  ncid 
which  k  preveiited  from  eacaping  hj  a  qoautitj  of  finely  spun  glass  or  the  fibres  of  amiantbos. 
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and  vehement  inllammalion  will  be  produced.  This  experiDienl, 
as  well  as  the  lollowing  requires  caulion. 

To  one  grain  of  the  powdered  snit,  in  a  mortar,  add  about  lislf 
a  grain  of  phosphorus.  The  phosphorus  will  detonate,  on  the 
gentlest  triture,  with  a  very  loud  report,  The  hand  should  be 
covered  with  a  glove  in  making  this  esperiment,  and  care 
should  be  taken  that  the  phosphorus,  in  an  inflamed  slate,  does 
not  fly  into  the  eyes.  Phosphorus  may  also  be  inflamed  under 
the  surface  of  water,  by  means  of  this  salt.  Put  Into  a  wine 
glass,  one  part  of  phosphorus  with  two  of  the  salt;  fill  it  nearly 
with  water,  and  pour  in.  by  means  of  a  glass  tube,  rcachinfrto 
the  botlom,  three  or  four  parts  of  sulphuric  acid.  The  phw- 
phorus  takes  fire,  and  burns  vividly  under  the  water.  Thii 
experiment  too  requires  caution  iesl  the  inflamed  phosphonv 
should  be  thrown  into  the  eyes.  (Davy.)  Oil  may  also  be  Ihia 
inflamed  on  the  surface  of  water,  the  experiment  being  made 
with  the  omission  of  the  phosphorus,  and  the  substitution  of  i 
little  olive  or  linseed  oil.     H.  1.  516. 

831.  Chlorate  of  polassa  should  not  be  kept  mixed  with  sul- 
phur in  considerable  quantity,  as  the  mixture  may  explode 
spontaneously 

833.  It  was  proposed  by  BerthoUet  to  substitute  this  salt  fix 
nitre,  in  the  preparation  of  gunpowder  and  the  attempt  WM 
made  at  Essone  in  !  788  j  but,  as  might  have  been  expected,  no 
sooner  was  the  mixture  of  the  chlorate  with  the  sulphur  and 
charcoal  submitted  to  trituration  than  it  exploded  with  violenee, 
and  proved  fatal  to  several  people,  With  phosphorus  the  det<v 
nation  is  dangerously  violent.  These  phenomena  depend  upoD 
the  decomposition  of  the  chloric  anid.  The  action  of  sulphorit 
acid  upon  chlorate  of  potassa  has  already  been  adverted  to  (290.) 
If,  instead  of  distilling  the  yellow  mixture  of  the  acid  and  chlo- 
rate with  the  caution  there  described,  it  be  heated  to  about  150°, 
it  suddenly  explodes.  The  theory  of  the  production  of  chloric 
oxide  appears  lo  be  as  follows  :  the  sulphuric  acid  expels  one 
proportional  of  oxygen  from  the  chlorate,  and  the  potassium 
absorbs  one  proportional  to  produce  potassa,  which  gives  rise  to 
Eulphate  of  potassa  ;  the  remaming  four  proportiooals  of  oxygen 
and  one  of  chlorine  form  the  oxide  of  chlorine. 

833.  A  few  grains  of  chlorate  of  potassa  put  into  a  tea-spoon- 
ful of  mirriatic  acid,  and  then  diluted  with  water,  form  an 
extemporaneous  bleaching  liquor. 

834.  Chlorate  of  Polassa  consists  of  one  proportional  of  chio- 
'■  ric  acid  and  one  of  potassa,  or  76  C.  A.  +  4a  P.     Its  ultimate 

components,  therefore,  are 

6  proportionals  of  oxygen  •  -  .  ?  _  ,q 

5  in  the  acid  and  1  in  the  alcali  )  ~ 

1   proportional  of  chlorine  .  .  .  .  =  36 

1  potassium  ...  =40 

124 
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835.  OxycUorate  of  Potassa — Perchlorate — may  be  form-  oxycWorau. 
d  by  moistening  one  part  of  chlorate  of  potassa  with  three  of 
dlphiiric  acid,  and  subsequently  carefully  heating  the  mass  till  it 
Dcomes  white :  in  this  state  it  consists  of  bisulphate  and  oxy- 
iilonte  of  potassa,  which  may  be  separated  by  solution  and 
ytalligation,  the  former  being  much  more  soluble  in  cold  wa- 

T  than  the  latter  salt. 

Oxychlorate  of  potassa  does  not  change  vegetable  colours,  nor 
it  idtered  by  exposure  to  air.  It  requires  rather  more  than 
>  parts  of  water  at  60^  for  its  solution.  It  is  insoluble  in  alco- 
il*  It  crystallizes  in  elongated  octoedrons.  When  mixed 
ith  its  own  weight  of  sulphuric  acid,  and  distilled  at  280^, 
ilution  of  oxychloric  acid  passes  over.  It  may  be  decomposed 
Y  ezposare  to  a  temperature  of  412^.  Oxygen  is  given  off, 
id  chloride  of  potassium  remains  in  the  retort.  This  salt  is 
lus  found  to  consist  of  one  proportional  of  oxychloric  acid  a 
2  +  one  proportional  potassa  =48,  and  its  representative  num- 
er  is  therefore  =  140. 

836.  lodaie,  and  Hydriodate  qf  Potassa. — Both  these  salts  lo^t^ 
re  formed  by  agitating  iodine  with  a  solution  of  potassa ;  water 

8  decomposed,  and  gives  origin  to  a  very  soluble  hydriodate 
ind  a  difficultly  soluble  iodate.  The  latter  may  be  purified  by 
being  washed  first  with  a  little  water,  and  afterwards  with  alco- 
hol sp.  gr.  9820,  which  removes  the  hydriodate.  The  iodate 
remains  in  small  white  and  granular  crystals. 

When  projected  on  red-hot  coals,  iodate  of  potassa  burns  like 
saltpetre;  100  parts  heated  in  a  retort  give  22,59  oxygen  gas, 
md  77,41  iodide  of  potassium.  It  requires  for  solution  13^ 
parts  of  water  at  60^  Fahrenheit.  It  is  constituted  of  22,246 
potassa  and  77,754  iodic  acid. 

837.  Hydriodate  of  Potassa  is  deliquescent,  and  conse-  Hydriodate. 
:|uently  very  soluble.     It  is  constituted  of  100  hydriodic  acid 

•^  37,426  potassa.  By  crystallization,  or  simple  desiccation,  it 
is  changed  into  iodide  of  potassium,  which  is  easily  fused  and 
irolatilixed  without  change  at  a  red  heat.     H.  1.  517. 

838.  Potassium  and  Hydrogen. — When  potassium  is  heated 

in  hydrogen,  it  absorbs  a  portion  of  the  eas,  and  produces  a  Hjdmret 
^y  and  highly  inflammable  hydruret.  When  hydrogen  and 
potassium  are  passed  together  through  a  white  hot  tube,  the  gas 
lissolves  the  metal,  and  produces  a  spontaneously  inflammable 
90tassiuretted  hydrogen  gas.  Both  these  compounds  are  usu- 
dly  formed  during  the  operation  for  obtaining  potassium  by  the 
^n-barrel. 

839.  Nitrate  of  Potassa — Nitre — Saltpetre.     This  salt  is  j^.^^^^^ 
m  abundant  natural  product,  and  is  principally  brought  to  this 
:ountry  from  the  East  Indies,  where  it  is  produced  by  lixivation 
irom  certain  soils. 

The  rough  nitre  imported  from  the  East  Indies  is  in  broken 
:rystals  of  a  brown  colour,  and  more  or  less  deliquescent :  exclu- 
sive of  other  impurities,  it  often  contains  a  very  considerable 
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proportion  of  common  salt,  fthich  reading;  upon  the  nitre, 
induces  the  production  of  nitrate  of  soda  and  chloride  of  potas- 
sium. 

840.  In  Germany  and  Frnnce  it   is  artificially  produced  in 

"  what  are  termed  nilre-beds.  Thenard  ( Tratti  de  CheT/iie  S!- 
itnenlaire,  Tom.  ii.  p.  511.)  has  described  the  French  procen 
at  length.  It  consists  in  lixiviating  old  plaster  rubbish,  wKich 
when  rich  in  nitre,  aSbrds  about  five  per  cent.  Refuse  aniniil 
and  vegetable  matter  which  has  putrelied  iti  contact  with  cxlci- 
reous  soils  produces  nitrate  of  lime,  which  aSbrds  nitre  by  mil- 
ture  with  subcarbonate  of  potassa.  In  the  same  way  it  is  abun- 
dantly produced  in  some  parts  of  Spain.  Exudations  containing 
saltpetre  are  not  uncommon  upon  new  walls,  where  il  appeiw 
to  arise  from  the  decomposition  of  animal  matter  contained  in 
the  mortar.  It  was  long  ago  shown  by  Glauber,  that  a  v»o[t 
plastered  over  with  a  mixture  of  lime,  wood-ashes,  and  cowi* 
dung,  soon  becomes  covered  with  effiorescent  nitre,  and  t!nl 
after  some  months,  the  materials  yield,  on  lixiviation,  a  consiij- 
erable  proportion  of  that  salt. 

Nitre  crystallizes  in  six-sided  prisms,  usually  terminated  bj 
dihedral  summits ;  it  dissolves  in  7  parts  of  water  at  60"  and  in 
its  own  weight  at  212°.  Its  taste  is  cooling  and  peculiar.  Il 
consists  of  one  prpporlional  of  acid  =  54  +  one  propoftionil  o( 
potassa  =  48.     Or  of 

6  proportionals  of  oxygen ?    „ 

,.  5  in  the  acid  and  1  in  the  alkali    -5 

I   proportional  of  nitrogen 14 

1  potassium  ....    40 


841.  When  exposed  to  a  white  heat,  nitre  is  decomposed  into  ' 
oxygen,  nitrogen,  and  dry  potassa.  By  distilling  il  in  an 
earthen  retort,  or  in  a  gun-barrel,  oxygen  gas  may  be  obtained 
in  great  abundance,  one  pound  of  nitre  yielding  about  12,000 
cubic  inches,  of  sufficient  purity  for  common  experiments,  but 
not  for  purposes  of  accuracy.  It  fuses  at  a  heat  below  redocts, 
and  congeals  on  cooling  into  cakes  called  sal prtmeile. 

If  the  temperature  of  nitre  be  so  far  increased  as  to  allow  i 
portion  of  oxygen  to  escape,  the  remaining  salt,  as  Scheele  first 
observed,  remains  neutral,  and  in  this  slate  it  has  been  consider 
ed  as  forming  a  nitrite  oj" potassa. 

842.  Nitre  is  rapidly  decomposed  by  charcoal  at  a  red  heat 
^i^j  This  may  be  shown  by  mixing  two  parts  of  powdered  nilrt 
»«J,   with  one  of  powdered  charcoal,  and  setting  fire  to  the  mixture 

in  an  iron  vessel  under  a  chimney. — If  excess  of  charcoal  be 
used,  the  results  are  carbonic  oxide  and  acid,  nitrogen,  and  sub- 
carbonate  of  potassa,  formerly  called  nitrumjixum,  and  wMtt 
Jlux. 

The  old  chemists  used  to  perform  this  detonation  in  retorts 
connected  with  capacious  receivers,  which  were  generally  blown 
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to  pieces;  sometimes  they  succeeded  in  obtaining  a  little  acidu- 
lated water,  which  they  called  clyssus  of  nitres  and  attributed 
to  it  wonderful  medical  virtues. 

843.  Nitrate  of  potassa  is  also  decomposed  by  sulphur,  with  nndbysui- 
difiereot  results,  according  to  the  temperature  and  proportions  ^^"^ 
employed. 

Mix  powdered  nitre  and  sulphur,  and  throw  the  mixture,  by  |.,^ 
a  little  at  a  time,  into  a  red-hot  crucible.  The  sulphur  will 
unite  ^*ilh  the  oxygen  of  the  nitric  acid,  and  form  sulphuric 
acid  ;  which,  combining  with  the  potassa,  will  afford  sulphate 
of  potassa.  The  production  of  the  latter  salt  will  be  proved  by 
dissolving  the  mass  remaining  in  the  crucible,  and  crystallizing 
when  a  salt  will  be  obtained  exhibiting  the  characters  of  tike 
sulphate. 

Mix   a  portion  of  sulphur  with  one  sixth  or  one  eighth  its  p^p. 
weight   of  nitrate  of  potassa ;  put  the  mixture  into  a  tin  cup ; 
and  raise  it,  by  a  proper  stand  (fig.  36,)  a  few  inches  above  the  ri.2. 
surface  of  water,  contained  in  a  flat  shallow  dish.     Set  fire  to 
the  mixture,  and  cover  it  with  a  bell-shaped  receiver.     In  this 
case  also,  sulphuric  acid  will  be  formed  ;  but  it  will  not  combine, 
as  before,  with  the  alkali  of  the  nitre,  which  alkali  is  present 
in  sufficient  quantity  to  absorb  only  a  part  of  the  acid  produced. 
The  greater  part  of  the  acid  will  be  condensed   on  the  inner 
surface  of  the  glass  bell,  and  by  the  water,  which  will  thus 
become  intensely  acid.     The  operation  may  be  repeated  three 
or   four  times,  usins:  the  same   portion  of  water.     When  the 
water  is  partly  expelled,  by  evaporation  in  a  glass  dish,  concen- 
trated sulphuric  acid  remains.     H.  1.  5'ZO. 

When  phosphorous  is  thrown  upon  nitre,  and  inflamed,  a 
vivid  combustion  ensues,  and  a  phosphate  of  potassa  is  formed. 
Sulphur  sprinkled  upon  hot  nitre  burns,  and  produces  a  mixture 
of  sulphate  and  sulphite  of  potassa.  This  salt  used  formerly  to 
be  employed  in  medicine,  under  the  name  of  Glaser^s poly chr est 
salim  Most  of  the  metals,  when  in  filings  or  powder,  detonate 
and  bum  when  thrown  on  red-hot  nitre  ;  some  of  the  more 
inflammable  metals  produce  in  this  way  a  considerable  explosion. 

844.  A  mixture  of  three  parts  of  nitre,  two  of  dry  subcar-  ^'ul^"^^t■;nf 
bonate  of  potassa,  and  one  of  sulphur,  hrmsfulmtnafingpow'  *'"'*^ 
der.     If  a  little  of  this  compound  be  heated  upon  a  metallic 

plate,  it  blackens,  fuses,  and  explodes  with  much  violence,  in 
consequence  of  the  rapid  action  of  the  sulphur  upon  the  nitre. 

845.  Gunpowder  consists  of  a  very  intimate  mixture  of  nitre,  ^^^  ^^ ,  . 
sulphur,  and  charcoal.     The  proportions  vary.     The  fullowing 

are  those  usually  employed  : 

Commoa  Shooting  Shoc-ling  Min'rv' 

Gunpowder.  powiiiT.  |Kiw>i<!r.  jow  <  r. 

Saltpetre  .  .  75,0  78  76  (?5 

Charcoal  .  .  12,5  12  15  ir, 

Sulphur    .  .  12,5  10  0  'J(J 
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The  latter  contains  the  smallest  quantity  of  saltpetre,  as  it 
requires  less  quickness  or  slrens^th.  The  ingredients  are  /icr- 
fectly  mixed,  moistened,  beaten  into  a  cake  which  is  afterwards 
broken  up,  granulated,  dried,  and  for  the  finest  powder  polished 
by  attrition.  The  violence  of  the  explosion  of  gunpowder 
depends  upon  the  sudden  production  of  gaseous  matter,  result- 
ing from  the  action  of  the  combustibles  upon  the  nitre.  Car- 
bonic oxide,  carbonic  acid,  nitrogen,  and  sulphurous  acid, 
are  the  principal  gaseous  results ;  and  the  solid  residue  consists 
of  sub-carbonate,  sulphate,  and  sulphuret  of  potassa,  and  char- 
coal.— Cruickshanks,  Nicholson^s  Journal  iv. 

Gunpowder  may,  it  is  said,  be  inflamed  by  a  violent  blow; 
if  mixed  with  powdered  glass,  or  any  other  harder  substance, 
and  struck  with  a  heavy  hammer  upon  an  anvil,  it  almost  always 
explodes. 

846.  Potassium  unites  to  Sulphur  with  the  evolution  of 
much  heat  and  light,  and  forms  a  grey  compound,  which,  wheo 
acted  upon  by  water,  produces  sulphuretted  hydrogen.  It  con- 
sists of  40  P.  -f  16S.  =  56\ 

847.  Potassa  and  Sulphury  when  fused  together,  form  a  red 
TOul!i'r^°^   sulphuret  of  potassa.     {Liver  of  Sulphur.)     Its  taste  is  bitter 

and  acrid.     It  is  deliquescent  and  very  soluble  in  watery  form- 
ing a  yellow  solution  of  hydros ulphu ret  of  potassa. 

It  blackens  the  skin,  and  turns  syrup  of  violets  green,  like 
an  alkali.  All  acids,  even  the  weakest,  precipitate  sulphur  from 
it,  and  the  stronger  acids,  when  previously  diluted,  occasion  i 
disengagement  of  sulphuretted  hydrogen  gas.  The  solutioo 
absorbs  oxygen  gas,  and  has  been  employed  in  eudiometry. 
According  to  Vauquelin  100  of  potassa  unite  with  111,5  of 
sulphur.  Bcrzelius  finds  that  100  parts  of  the  carbonate  absorb 
93,9  parts  of  sulphur. 

848.  Hydro-snlphuret  of  potassa  may  be  formed  by  transmit- 
ting a  current  of  sulphuretted  hydrogen  gas  through  liquid  hy- 
drate of  potassa,  which  acquires  a  yellow  colour,  and  an  offensive 
smell.  It  forms  large  transparent  crystals,  not  unlike  those  of 
sulphate  of  soda,  but  having  the  shape  of  four-sided  prisms  acu- 
minated with  four  planes,  or  six-sided  prisms  acuminated  with 
six  planes.  It  is  deliquescent,  and  runs  into  a  thick  syrupy 
liquor,  which  gives  a  green  colour  to  the  skin.  It  dissolves 
readily  in  water  and  alcoliol,  with  a  production  of  cold.  On 
adding  any  diluted  acid,  abundance  of  sulphuretted  hydrogen  if 
disengaged,  but  no  sulftliur  is  deposite  I. 

The  action  of  the  sulphuret  uf  ))otassa  on  water  is  complicated^ 
and  h.is  been  variously  expLtincd.  By  some  this  is  conside^ 
ed  as  a  compound  of  potassium  and  sulphur ;  in  which  casCf 
when  acted  upon  by  water,  hydrogen  is  imparted  to  the  sulphuri 
and  oxygen  to  the  potassiu:n  ;  and  a  sulphurei  of  potassa  with 
excess  of  sulphur,  (or  sulphuretted  sulphurf!t  of  potassa)  is  funn- 
ed.    If  we  consider  the  sulphuret  as  consisting  oi  potassa  tnd 


Properties. 


ActJoD  on 
water. 
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sulphur,  then,  the  oxygen  as  well  as  the  hydrogen  of  the  water, 
must  be  transferred  to  the  sulphur,  and  sulphuric  and  sulphurous 
And  sulphuretted  hydrogen,  would  be  formed  ;  and  generally 
when  the  solutions  of  the  livers  qf  sulphur  are  examined,  sul- 
phate and  sulphite  of  the  alkali,  are  found.  On  the  whole  how- 
eFer,  it  appears  most  probable,  that  when  sulphur  and  the 
alkalies  are  fused  together  at  a  high  temperature,  the  latter 
undergo  decomposition,  and  that  sulphurcls  of  their  metallic 
bases  are  actually  formed. — Vauquelin,  •/Jnn.  de  Chim. 

849.  Hydroguretiedsulphuret  qfpotassa  may  be  formed  by  t^jJ^jK*',. 
boiling  flowers  of  sulphur  in  liquid  hydrate  of  potassa,  or  by 
digesting  sulphur  with  the  liquid  hydro-sulphuret.     The  result- 
ing product  may  be  considered  as  a  compound  of  bi-sulphuret- 

ted  hydrogen  with  potassa,  in  proportions  not  yet  ascertained. 
By  mere  solution  in  water,  the  sulphuret  of  potassa  is  partly 
changed  into  this  substance.  According  to  Proust,  red  oxide 
of  mercury,  digested  with  hydroguretted  sulphurets,  removes 
the  sulphuretted  hydrogen,  and  what  remains  is  a  pure  liquid 
sulphuret.     H.  1.  528. 

850.  Hypthsulphitecf  Potassa. — This  salt  is^best  formed  by  Hjro»i- 
exposing  the  hydroguretted  sulphuret  to  the  atmosphere,  till  it  rh>te. 
has  lost  its  colour,  after  which,  on  evaporation,  it  crystallizes  in 

the  form  of  fine  needles  ;  or  by  decomposing  hydro-sulphuret, 
or  hydroguretted  sulphuret  of  potassa  by  sulphurous  acid.  The 
salt  has  a  taste,  at  first,  not  unlike  that  of  nitre,  succeeded  by 
bitterness,  and  it  is  deliquescent.  When  carefully  dried,  it 
takes  fire  on  raising  the  heat,  and  burns  somewhat  like  tinder, 
but  with  a  feeble  blue  flame.  It  dissolves  chloride  of  silver, 
even  when  very  dilute,  with  great  readiness. 

851.  Sulphite  of  Potassa  is  formed  by  passing  sulphurous  suiphite. 
acid  into  a  solution  of  carbonate  of  potassa  till  all  efTervcscence 
ceases,  and  evaporating  out  of  the  contact  of  air.     Hhoniboidal 
plates  are  obtained,  white,  of  a  sulphurous  taste,  and  very  soluble. 

^y  exposure  to  air,  they  pass  into  sulphate  of  potassa. 

From  I)r  Thomson's  analysis  it  is  constilutcd  in  100  parts,  of 
2  water -f  54,5  base +  43,5  acid;  or  100  of  sulphurous  acid 
unite  with  150  of  potash. 

852.  Sulphate  of  Potassa  may  be  formed  by  saturating  car- 
bonate of  potassa,  or  potassa,  with  sulphuric  acid,  and  crystal-  suii.imt* 
lizing  the  solution.     It  is  a  refuse  product  also  of  several  chemi- 
cal operations  carried  on  upon  a  large  scale  in  the  processes  of 

the  arts.  It  is  the  sal  de  duobus  of  the  old  chemists  :  the 
potassce  sulphas  of  the  £/.  S.  Pharmacopmia.  Its  taste  is 
bitter.  It  crystallizes  in  short  six-sided  prisms,  terminated  by 
six-sided  pyramids.  The  body  of  the  prism  is  often  wanting 
and  the  triangular-faced  dodecaodron  results.  This  salt  dis- 
solves in  16  parts  of  cold,  and  5  of  boiling  water,  and  in  con- 
sequence of  its  difficult  solubility,  it  is  thrown  down  in  a  white 
granular  powder,  when  sulphuric  acid  is  added  to  a  moderately 
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Exp. 


Bi-«a1phate. 


strong  solution  of  potassa.     Exposed  to  a  red  heat  it  meltS|  but 
is  not  decomposed. 

853.  Sulphate  of  potassa  is  decomposed  at  high  temperatureSi 
by  charcoal.  Mix  any  quantity  of  the  salt  with  one  fifth  of  its 
weight  of  charcoal  finely  powdered,  and  expose  the  mixture,  in 
a  crucible,  to  a  strong  heat.  The  carbon  will  unite  with  the 
oxygen  of  the  sulphuric  acid,  and  will  escape  in  the  state  of  a 
gas.  What  remains  is  a  compound,  hereafter  to  be  describedi 
of  sulphur  and  potassa.  or  more  probably  of  sulphur  and  potas- 
sium.*— A  sulphuret  of  potassa.     It  consists  of 

1  proportional  of  acid  =  40 
1 alkali  =  48 

88 

854.  Bisufphate  or  Supersulphate  of  Potassa  is  formed  by 
adding  sulphuric  acid  to  a  hot  solution  of  sulphate  of  potassa, 
or  by  boiling  sulphate  of  potassa  with  sulphuric  acid.  The  first 
crystals  which  form  are  in  delicate  needles  of  an  acid  taste, 
soluble  in  2  parts  of  water  at  60°,  and  consist  of 


2  proportionals  of  acid  . 
1  — __^_  potassa 


=     80 
=     48 
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Bi-sulphate  of  Potassa  is  also  formed  in  the  distillation  of 
equal  parts  of  nitre  and  sulphuric  acid  :  nitric  acid  passes  ovefi 
and  a  residuary  bi-sulphate  of  potassa  is  produced,  commonly 
known  under  the  name  of  sal  enixum.  It  is  the  arcanum 
duplicatum^  or  panacea  Holsatica  of  old  pharmaceutists.  It 
is  used  for  cleansing  coin  and  other  works  in  metal ;  and  has  a 
place  in  the  London  Pharmacopoeia. 

The  following  diagram  will  illustrate  the  formation  of  this 
salt,  and  of  liquid  nitric  acid,  in  the  distillation  of  two  propor- 
tionals of  sulphuric  acid  with  one  of  nitre ; 

1  Liquid  Nitric.  Acid  :=  T2. 


3  Liquid  Sul- 
phuric   Acid 


2  Water 

=  J8. 


1  Pry 
Nitric  Acid 
=  64,0 


2  Dry 
Sulphiirc  Acid 
=  80. 


1  PotaiM 
=  48. 


1  Nitrmte  of 
PotMM  =r 
103. 


1  Bisulphate  uf  FotiuM=  138. 


855.  Ammonia-Sulphate  of  Potassa  is  a  triple  salt  formed 
by  adding  ammonia  to  bisulphate  of  potassa.  It  crystallizes  in 
brilliant  plates  of  a  bitter  taste. — Link.  CreWs  Annals,  1796. 


*  Vauquelio,  *inn,  dt  Chim*  tt  Phyt.  r.  31: 
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S56.  Phosphuret  ofpotcLSsium  is  a  brown  compound,  which 
Tapidiy  decomposes  water,  producing  phosphuretted  hydrogen 
gMy  and  hydrophosphuret  of  potaasa.  it  is  formed  by  cau- 
tiously heating  potassium  with  phosphorus  out  of  the  contact 

of  air. 

857.  Hypqphosphite  of  Potaasa  has  been  examined  by 
Dulong.  It  is  very  deliquescent,  and  soluble  in  water  and  alco- 
hol nearly  in  all  proportions.  When  heated  it  evolves  phos- 
phuretted  hydrogen  and  phosphorus,  and  is  converted  into  phos- 
phate of  potassa. — ^nnakade  Chirn.  et  Phys.iu  142. 

858.  Phosphite  qf  Potassa  is  a  soluble  deliquescent  uncrys- 
tallizable  salt,  not  hitherto  accurately  examined. 

859.  Phosphate  of  Potassa  is  a  soluble,  difficultly  crystalliza- 
ble  salt.  It  may  be  obtained  by  careful  evaporation,  in  four- 
sided  prisms,  and  octoedrons.     It  contains 

1  proportional  of  potassa =48 

1  phosphoric  acid    .  =  28 


76 
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This  phosphate  has  little  taste.  By  the  action  of  heat  it 
undergoes  the  igneous  fusion.  It  is  not  decomposed  by  lime^ 
unless  when  the  lime  is  added  in  considerable  excess,  and  then 
a  compound  is  formed  of  phosphoric  acid  with  potassa  and  lime. 
The  vegetable  grains  belonging  to  the  cerealia  contain  a  small 
quantity  of  this  salt.  It  is  believed  to  be  a  compound  of  1  atom 
of  phosphoric  acid+  1  atom  of  potassa.     H.  1.  526. 

860.  Subphosphate  of  Potassa. — When  phosphate  of  potassa 
is  fused  in  a  platinum  crucible  with  potassa  it  is  converted  into 
subphosphate  of  potassa,  wiiich  is  insoluble  in  cold,  and  very 
difficultly  soluble  in  hot  water.  It  is  fusible  before  the  blow- 
pipe, yielding  a  globule  opaque  when  cold,  but  transparent 
whilst  in  fusion.     The  theoretical  composition  of  this  salt  is 

2  proportionals  of  potassa  =  90 
1  acid        =  28 
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861.  Superphosphate  or  Biphosphate  qf  potassa  is  formed 
by  dissolving  the  neutral  phosphate  in  phosphoric  acid  and 
evaporating  till  crystals  are  obtained,  which  are  prismatic  and 
very  soluble. 

862.  Potassa  and  Carbonic  %3cid. — These  bodies  combine  ^^ 
in  two  proportions,  forming  the  carbonate  and  the  bicarbonate  \o\am 
of  potassa,  compounds  which  have  been  long  used  and  known 
under  various  names — such  zs  fixed  nitre^  salt  of  tartar^  salt 
qf  wormwoods  vegetable  alkali^  ^c.  Their  composition  was 
first  ascertained  5y  Black.  Bergman,  in  1774,  described  their 
most  essential  properties. — Opuscula^  Vol.  ii.  p.  13. 


arbonate  ot' 
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S63.  Carbonate  of  Pofassa  is  a  sail  of  great  imporlanee  ia 
many  arUainf  manufMCture§,  and  is  known  in  commerce  in  dif- 
ercnt  slafts  of  purily,  under  the  names  of  wood-ash,  pot-<uk, 
and  pearl-ash.  Ii  is  the  subcurbonute  ofpolitssa  of  the  U.  8. 
Pharmaeopctia. 

864.  The  simplest  mode  of  showing  Ihe  absorption  of  car- 
bonic acid  by  polassa,  is  the  following:  Fill  a  common  phid 
with  carbonic  acid  gas  over  waler;  and  when  full,  stop  ilby 
applying  the  thumb.  Then  invert  Ihe  botile  in  a  solution  of 
pure  potassa  contained  in  a  cup,  and  ralher  exceeding  in  quan- 
tity what  is  sufficient  to  fill  Ihe  bolile.  The  solution  will  rise 
into  the  bottle,  and  if  the  gas  be  pure,  will  fill  it  entirely. 
Four  out  the  alkaline  liquor,  fill  ihe  bolile  with  water,  and 
again  displace  it  by  the  gas.  Procfeil  as  before,  and  repeat  tht 
process  aeveral  times.  It  will  be  found,  that  tbe  solution  will 
condense  many  limes  its  bulk  of  the  gas  ;  whereas  water  con- 
bines  only  with  ils  own  volume. 

S6d.  This  experiment  may  be  made  in  a  much  more  strikiog 
matflter,  over  mercury,  by  p.issing  into  a  jar,  about  three  fourlbt 
filled  with  this  e^s,  a  comparatively  small  bulk  of  a  solution  of 
pure  polassa,  which  will  condense  the  whole  of  a  large  quantity 
of  the  gas.  If  dry  hydrate  of  potassa  be  substituted  in  thii  ex< 
periment,  no  change  will  ensue ;  which  proves  that  solution  ii 
essenlial  to  the  action  of  alkalies  on  Ihis  gas.  A  solutioD  of 
potassa,  which  has  condensed  all  [he  carbonic  acid  It  is  capable  of 
absorbing,  when  evaporated  to  dryness,  affords  stib-carbonatt, 
or,  more  properly,  carbonate  qf  polassa.     H.  1.  521. 

866.  This  salt  is  fusible  wilhout  decomposition,  at  a  red  heati 
it  is  very  soluble  in  waler,  and  deliquesces  by  exposure  to  airi 
forming  a  dense  solution,  once  called  oil  of  tartar  per  dtii- 
guiuni.  Its  i.-iste  is  alkaline,  and  it  renders  vegetable  blues 
green.     It  consists  of 


1   proporlional  acid  =  22 

1  polassa  =  48 


»TO^ 


The  sohilion  of  carbonale  of  polassa  will  be  found  to  hava 
much  milder  taste  than  ibe  pure  alkali,  and  no  longer  to  destroy 
the  texture  of  woollen  cloth  ;  but  it  sliU  turns  to  green  thebhie 
infusion  of  vegetables. 

S67.  For  experimental  purposes  carbonate  of  potassa  may  ba 
oblained  from  crystals  of  tartar  (bi-tartrale  of  potassa)  calcined 
in  a  crucible:  then  lixivated  with  water, and  evaporated  tg  dry- 
ness.  By  this  treatment  Uie  salt  yields  about  one  third  its 
weight  of  dry  carbonate.  Or  the  tartar  may  be  mixed  with 
about  an  eighth  of  purified  nitrate  of  polassa,  and  wrapped  up 
in  a  paper  in  the  form  of  cones,  which  may  be  placed  on  an 
iron  diah,  and  set  on  fire.  The  residuary  mass  is  to  he  lixivaled, 
and  evaporated  as  before  directed.     Or  purified  nitrate  of  po- 
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LasM  may  be  mixed  with  a  fourth  of  its  weight  of  powdered 
eharcoal,  and  projected  into  a  red-hot  crucible,  the  contents  of 
which  are  to  be  poured,  when  in  fusion,  into  an  iron  dish.  The 
carbonate,  thus  obtained,  amounts  to  rather  less  than  one  half 
the  nitre  which  has  been  employed.  Even  when  thus  prepared, 
it  is  apt  to  contain  tome  impurities,  consisting  chiefly  of  a 
minute  proportion  of  sulphate  and  muriate  of  potassa,  with  a 
little  silica,  from  which  it  is  extremely  difficult  entirely  to  free 
it.  That  which  is  procured  from  burnt  tartar  may  be  made  to 
crystallize,  in  which  state  it  contains  20.60  per  cent,  of  water. 

868.  The  great  consumption  of  this  article  in  various  manufac- 
tures is  exclusively  supplied  by  the  combustion  of  vegetables,  and 
consequently  its  production  is  almost  limited  to  those  countries  ^^,7,7*^ 
which  require  clearing  of  timber,  or  where  there  are  vast  natural 
forests.  The  English  market  is  chiefly  supplied  from  North 
America.     If  any  vegetable  growing  in  a  soil  not  impregnated 

with  sea-salt  be  burned,  its  ashes  will  be  found  alkaline  from 
the  presence  of  carbonate  of  potassa.  If  the  ashes  be  submitted 
to  heat,  so  as  to  burn  away  the  carbonaceous  matter  entirely, 
tbey  become  a  white  mass  generally  termed  pearl-ash. 

869.  Id  the  stateof  union  with  carbonic  acid  potassa  generally  nethodofde- 
occurs  ID  the  arts.     The  potash  and  pearlash  of  commerce  are  *u™i°j"^J/** 
in  (zz^ carbonates  of  potassa  of  difierent  degrees  of  purity.    The  carbonic 
quantity  of  carbonic  acid,  contained  in  these  alkalies,  may  be  *^' ' 
learned  by  a  very  simple  experiment.     Put  one  or  two  hundred 
grains  of  the  alkali  into  a  Florence  flask,  and  add  a  few  ounce- 
measures  of  water.     Take  also  a  phial  filled  with  dilute  sul- 
phuric acid,  and  place  this,  as  well  as  the  flask,  in  one  scale. 
Balance  the  two,  by  putting  weights  into  the  opposite  scale, 

and,  when  the  equilibrium  is  attained,  pour  gradually  the  acid 
into  the  flask  of  alkali,  till  an  cfiervescence  no  longer  ensues. 
When  this  has  ceased,  the  scale  containing  the  weights  will  be 
found  to  preponderate.  This  shows  that  the  alkali,  by  combi- 
nation with  an  acid,  loses  considerably  of  its  weight ;  and  the 
exact  amount  of  the  loss  may  be  ascertained,  by  adding  weights 
to  the  scale  containing  the  flask  and  phial,  till  the  balance  is 
restored. 

870.  Carbonate  of  potassa  dissolves  very  readily    in   water,  or  a.'irptin^ 
which,  at  the  ordinary  temperature,  takes  up  more  than  its  own  '*"''" '°"" 
weight. — Hence,  when   an  alkali,  which  should  consist  almost 
entirely  of  carbonate  of  potassa,  is  adulterated,  as  very  often  hap- 
pens, with  substances  of  little  solubility,  the  fraud  may  be  detect- 
ed by  trying  how  much  of  one  ounce  will  dissolve  in  two  or  three 

ounce  measures  of  water.  In  this  way  maybe  detected  an  adul- 
teration of  one  third  its  weight  of  sulphate  of  potassa.  There  are 
certain  substances  of  ready  solubility,  however,  which  may  he 
used  in  adulterating  pearlashes,  as  common  salt  for  example; 
and,  when  this  is  done,  we  must  have  recourse  to  an  acid  test 
for  the  means  of  discovery.  The  best,  that  can  be  employed 
for  this  purpose^  is  sulphuric  acid  of  sp.  gr.   1.141.     Of  thii». 


355  grains  are  equivalent  to  the  saturation  of  100  f;ruii)s  of  ate 
bonate  of  potassa.  I^ssolving  therefore,  that  quaoliiy  of  the 
carbonate  in  water,  and  gradually  adding  the  lest,  so  as  la  pro: 
duce  neutralization,  we  learn,  by  the  qiunlity  of  acid  expend- 
ed, the  quantity  of  real  carhonate  which  has  been  acted  upon; 
for  as  355  to  100,  so  is  the  weight  of  th^  test  which  has  bwft 
used  to  tlie  number  required.* 

The  strongest  solution  of  this  salt  that  can  be  obtained  hai  iba 
specrlic  gravity  1,54,  and  contains  4S,8  per  cent,  by  weigbl  of 
carbonate,  or  eight  atoms  of  water  to  one  of  salt. 

871.  According  lo  Vauquelin  (^nnales  de  Chiniie,  Vol.  xl.) 
the  principal  varieties  of  this  substance  used  in  commerce,  coo- 
tain  the  following  ingredients: — 


...... 

5.,iph=i« 

i«Lh. 

"ruduf' 

TOTAJ 

Potash  of  Russia 

772 
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5 

56 

254 

US! 

America 

857 

154 

SO 
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119 

I  IS! 

American  Pearl-ash 

754 

80 

4 

6 

308 

1152 

Potash  of  Treves 

720 

165 

44 

24 

199 

115S 

"             Danlzic 

603 

152 

14 

79 

304 

ii5i 

Vo.Bcs 

444 

148 

510 

34 

304 

1440 

872.  Bi-car/ionate  of  Potassa  is  formed  by  passing  a  cur- 
rent of  carbonic  acid  into  a  solution  of  the  subcarbonale.  By 
■  evaporation,  crystals  are  obtained  in  the  form  of  four-sided 
prisms,  with  dihedral  summits.  Their  taste  is  only  slightly 
alkaline,  and  they  require  for  solution  four  parts  of  water  it 
60".  Exposed  to  a  red  heat,  carbonic  acid  is  evolved,  and 
bonatc  of  potassa  remains.     This  bi-carbonatc  consists  of 


iCK; 


2  proportionals  of  carbonic  acid  = 
1   potassa, 


44 


93 


In  its  crystalline  form  it  contains   water  equal  lo  one 
portional ;  and,  tiierefore,  consists  of 

03  carbonate 
S  water 

101 


pre- 
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In  the  London  Pharmacopma  the  more  expensive  method 
of  obtaining  this  salt  by  the  action  of  carbonate  of  ammonia  on 
ctfboiimte  of  potassa  is  resorted  to. 

The  following  proportions  may  be  used  for  the  preparation  of  PrepanUon. 
bi-etffaonate  of  potassa  upon  the  large  scale:  100  lbs  of  purifi- 
ed etffaonate  of  potassa  are  dissolved  in  17  gallons  of  water, 
which,  when  saturated  with  carbonic  acid,  yields  from  28  to  30 
lbs  of  crystallized  bi-carbonate ;  50  lbs  of  carbonate  of  potassa 
are  then  added  to  the  mother  liquor,  with  a  sufficient  quan- 
tity of  water  to  make  up  17  gallons,  and  the  operation  is  re- 
peated. 

873.  The  Bi-earbonate  of  Potassa  differs  from  the  carbon-  pifren  from 
ate  in  the  following  particulars  :  i^"  "'*'»"' 

In  the  greater  mildness  of  its  taste.  Though  still  alkaline, 
yet  it  may  be  applied  to  the  tongue,  or  taken  into  the  stomach, 
withont  exciting  any  of  that  burning  sensation,  which  is  occa- 
sbned  by  the  carbonate. 

It  is  unchanged  by  exposure  to  the  atmosphere. 

It  assumes  the  shape  of  regular  crystals.  The  form  of  these 
crystals  is  a  four-sided  prism,  with  dihedral  triangular  summits, 
the  facets  of  which  correspond  with  the  solid  angles  of  the 
prism. 

It  requires,  for  solution,  four  times  its  weight  of  water  at  60^; 
and,  while  dissolving,  absorbs  caloric.  Boiling  water  dissolves 
five-sixths  of  its  weight;  but,  during  this  solution,  the  salt  is 
partly  decomposed,  as  is  manifested  by  the  escape  of  carbonic 
acid  gas.  The  quantity  thus  separated  amounts,  according  to 
Berthollet,  to  about  ^^th  the  weight  of  the  salt. 

By  calcination  in  a  low  red  heat,  the  portion  of  carbonic  acid, 
which  imparts  to  the  salt  its  characteristic  properties,  and  all  the 
water  are  expelled,  and  the  salt  returns  to  the  state  of  carbonate. 

874.  Bi-carbonate  of  potassa,  in  all   its  forms,  is  decomposed  ..  . 
by  the  stronger  acids ;  as  the  sulphuric,  nitric,  and   muriatic,  ^y  atid^. 
which  unite  with  the  alkali,  and    set  the  gas  at  liberty.     This 

may  be  shown  by  pouring  on  the  carbonate,  contained  in  a  gas  ''"P' 
bottle,  any  of  the  acids,  and  collecting  the   gas  by  a  proper 
apparatus.     H.  1.  525, 

The  sub-carbonate  and  carbonate  of  potassa,  are  both  decom- 
posed by  lime,  which  deprives  them  of  carbonic  acid  ;  hence  the 
use  of  that  earth  in  the  process  for  obtaining  pure  potassa. 

875.  Potassium  heated  in  cyanogen  absorbs  the  gas,  and  pro- 
duces a  grey  cyanuret  of  potassium^  which  by  the  action  of 
water  becomes  hydrocyanate  of  potassa.  This  salt  speedily 
decomposes,  and  becomes  converted  into  carbonic  acid  and  am- 
monia. 

876.  Borate  of  Potassa  is  a  salt  which  has  been  scarcely 
examined ;  it  may  be  prepared  by  boiling  boracic  acid  in  solu-    ^ 
lion  of  potassa,  or  by  exposing  a  mixture  of  boracic  acid  and 
nitre  to  a  bright  red  heat ;  it  furnishes  by  solution  and  evapora- 
tion quadrangular  prisms,  permanent  in  the  air. 

31 
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Propertiri  of  877.  The  salts  of  potassium  are  soluble  in  water,  and  afford 
^UMium.''^  DO  precipitates  with  pure  or  carbonated  alkalies.  They  produce 
a  precipitate  in  muriate  of  platinum,  which  is  a  triple  compound 
of  potassa,  oxide  of  platinum,  and  muriatic  acid.  They  are  not 
changed  by  sulphuretted  hydrogen,  nor  by  ferro-prussiate  of 
potassa.  Added  to  sulphate  of  alumina,  they  enable  it  to  crys- 
tallize, so  as  to  form  alum. 

Aiioyt.  ^'^^'  ^H<^s  of  Potcisaium,     Potassium  combines  with  ser- 

eral  of  the  metals,  forming  alloys  which  are  decomposed  by 
water,  its  oxygen  uniting  with  the  potassium  and  forming  potassa, 
while  its  hydrogen  is  disengaged  and  the  other  metal  precipi- 
tated. Several  of  these  alloys  have  been  described  by  M. 
Serullas  in  the  •Snnaka  de  Chimie  et  Phyaique.  (See  also 
Boston  Journal  of  Phiios.  ii.  61.)  An  alloy  of  potassium  and 
antimony  may  be  obtained  by  the  following  process. 

One  hundred  grains  of  emetic  tartar  {antimoniutn  iariarh 
zatum  U,  S.  Pharmacopoeia)  are  to  be  mixed,  by  careful 
rubbing,  with  3  grains  of  lamp-black  or  common  charcoaL 
Select  crucibles  holding  75  or  80  grains,  which  must  not  be 
more  than  three  quarters  filled,  make  the  upper  edge  smooth, 
and  rub  the  whole  inside  with  charcoal  powder,  that  the  mix- 
ture may  not  adhere  to  the  sides.  The  materials  are  to  be 
placed  in  the  crucible,  and  covered  with  charcoal  powder; 
the  cover  is  then  to  be  carefully  luted  on.  Place  the  crucible 
in  a  furnace  and  expose  it  to  a  bright  red  heat  for  three  houn, 
then  set  it  by  for  six  hours  to  cool.  This  time  is  required  la 
allow  the  air,  which  always  penetrates  more  or  less  into  the  cru- 
cible, to  burn  the  exterior  layer  of  the  mass ;  if  withdrawn  too 
soon  from  the  fire  it  always  explodes  spontaneously.  After  it 
has  been  cooled,  the  cover  of  the  crucible  may  be  removed,  and 
the  calcined  mass  should,  without  loss  of  time,  and  without 
breaking  up,  be  introduced  into  a  wide  mouthed  bottle  which 
should  be  carefully  closed  with  a  ground  stopper.  The  mass 
gradually  splits  into  fragments  of  different  sizes,  and  in  this 
state  will  preserve  its  properties  for  years. 

PetoBBtioii        S79.  When  this  alloy  has  been  well  prepared  it  is  extremely 

irith  water,    fulminating,  so  as  to  detonate  with  a  report  like  fire-arms,  Iqr 
the  first  contact  of  water. 

880.  With  this  substance  gun-powder  may  be  fired  under 

iniiaroeiKDii-  water.     Thc  experiment  was  made  in  the  following  manner; 

powder  under  ,,.  /  ,  ,.  ^ii. 

water.  half  au  ounco  of  gun-powder  was  put  mto  a  strong  glass  tube 

closed  at  one  end,  of  which  the  powder  filled  about  one  quaiter. 
A  piece  of  the  fulminating  alloy  of  the  size  of  a  pea,  was  laid 
upon  the  powder.  The  tube  was  immediately  closed  with  a 
cork,  which  had  been  previously  perforated  wiUi  a  small  hoh^ 
stopped  for  the  present  with  a  little  fat  lute,  soft  enough  to  be 
readily  pierced  with  a  sharp  pin  when  required.  The  tube  thai 
prepared,  was  then  sunk  in  a  large  vessel  of  water  two  or  three 
feet  deep,  and  was  confined  by  weights  to  the  bottom.  The 
lute  stopping  the  perforation  in  the  cork  was  ihea  pierced  with 


»  steel  wire  fixed  to  the  end  of  a  lon^:  stick,  and  the  moment 
that  the  water  entered  the  tube  the  powder  exploded,  breaking 
the  lube,  and  throwing  out  a  four-pound  weight  which  had 
fixed  it  down. 

flSl,  Several  triple  alloys  of  potassium  and  olher  metals  have  oihir.i 
ilso  been  described    by  M.  Senillas,  which   may    be  formed  by 
the  following  processes.  " 

ssa.  ■Hlioy  of  potassium,  copper  and  antimony.  This  is  p«,„iu 
obtained  by  melting  together  equal  parts  of  carbonized  tartar  "^[f^* 
(prepared  by  roasting  cream  of  tartar  of  commerce  in  an  open 
crucible,  till  it  has  lost  about  half  its  weight)  regulus  of  antimonvi 
and  copper  filings.  The  carbonized  tartar  and  antimony  should 
be  first  rubbed  together,  and  then  placed  in  a  crucible  the  cop* 
per  filings  being  laid  above  them.*  The  cover  of  the  crucible 
being  luted  on,  the  whole  is  to  be  strongly  heated  for  two  hours. 
This  alloy  has  a  violet  tint,  it  divides  into  very  thin  brilliant 
l.iminx,  which  flatten  a  little  under  the  hammer.  It  is  volatile 
in  the  fire,  and  pieces  thrown  upon  mercury,  covered  with  a 
little  water,  turn  round  vapidly. 

8*3.  JiUoy  of  Potassium,  Silver  and  Jiniimony,  is  prepar-  ofp^., 
ed  like  the  last;  it  i.i  more  volatile  ;  its  colour  steel  grey,  and  it  "i*"-' 
haa  much  lustre.  It  is  very  brittle,  and  contains  much  polas-  '™°  * 
aium. 

884.  ^lloy  of  potassium,  Iron  and  Antimony,  is  obtained  Y'^'i" 
by    putting  at  the  bottom    of  a  crucible  some  iron   turnings,  mcB,. 
broken  lo  small  fragments;   covering  them  with  equal  parts  of 
ralcii>0d    tartar  and  antimony,  previously  mixed,  and  exposing 
lo  a  very  strong  heat. 

SS5.  ^lloy  of  Potassium  and  Bismuth.     Rub  together  60  Fat.»;. 
([rains  of  calcined  tartar,  120  of  bismuth  and  one  of  nitre,  enclose  """"■' 
the  mixture  in   a    crucible,  covered    with  lamp-black,  close  it 
c-ifefully  and  heat  it  for  two  hours.     An  alloy  is  obtained  which 
is  very  rich   in  potassium,  its  smallest  fragments   giving  sparks 
cut  with  shears.     As  soon  as  it  is  broken,  it  niells  and 
1,  leaving  a  residue  of  a  greenish  oxide. t 
r  this  alloy  is  made  with  10  or  13  grains  of  lamp-black  or 
rcoal  iostead  of  ibc  nilre,  a  pjTophorus  is  obtained,   which 
s  fire  by  the  contact  of  water,  and  burns  wilh  slight  explo- 
it may  be  used   for  kindling  gun-powder  under  water. 
IS6.  An  alloy  of  potassium  and  tin   is  made   in  (he   same  pn,i,.{ 
inner  as  the  preceding,  with  100  parts  of  oxide  of  tin,  60  of  ■"■'  "• 
cined  tartar  and  10  of  lamp-black.     A  double  dose  of  lamp- 
[  gives  i  pyrophorus. 

~.  An  alloy  of  polassiwn  and  lead  is  produced  by  100  Poim-i 
of  proluKide  of  lead   and   CO  of  calcined  tartar;  and  an  '" 
)  of  5  or  6  grains  of  lamp-black  gives  a  pyrophorus. 


i 
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Apjrophorui.  M.  ScFulIas  remarks  that  in  the  preparation  of  theaa  alloys, 
the  stratum  of  charcoal  put  over  them  to  protect  them  from  the 
action  of  the  air,  though  in  no  way  mixed  with  them,  acquires 
the  property  of  spontaneous  inflammation  in  the  air;  which  he 
conceives  can  only  be  attributed  to  the  presence  of  potassium 
volatilized  during  the  fusion,  and  retained  by  the  charcoal. 


Section  II.     Sodium. 

wdhir'^  "^  ®^^-  Sodium,  discovered  by  Sir  H.  Davy  in  1808,  is  obtained 
from  soda  by  an  operation  analogous  to  that  for  procuring  potai- 
sium  from  potassa.  (816).  It  is  soft,  easily  sectile,  white  ind 
opaque,  and  when  examined  under  a  thin  film  of  naptha  has  the 
lustre  and  general  appearance  of  silver. 

prop«rUci.  ^^^*  ^^  '^  exceedingly  malleable,  and  much  softer  than  any 
of  the  common  metallic  substances.  When  pressed  upon  by  t 
platinum  blade  with  a  small  force,  it  spreads  into  thin  hMves; 
and  a  globule  of  -jV th  or  jf  th  of  an  inch  in  diameter  is  easily 
spread  over  a  surface  of  a  quarter  of  an  inch.  This  property  is 
not  diminished  by  cooling  it  to  32^  Fahrenheit  Several 
globules,  also,  may,  by  strong  pressure,  be  forced  into  one;  so 
that  the  property  of  weldings  which  belongs  to  platinum  and 
iron  at  a  high  degree  of  heat  only,  is  possessed  by  this  sab- 
stance  at  common  temperatures. 

It  is  lighter  than  water;  as  near  as  can  be  determined,  its 
specific  gravity  is  as  0,972  to  1. 

890.  It  is  much  less  fusible  than  the  base  of  potassa.  At 
120°  Fahrenheit,  it  begins  to  lose  its  cohesion,  and  is  a  per* 
feet  fluid  at  180°  or  190°.  Hence  it  readily  fuses  under  heated 
naptha. 

h^ffLctofuLr.  891.  When  sodium  is  exposed  to  the  atmosphere,  it  inunedi- 
atcly  tarnishes,  and  by  degrees  becomes  covered  with  a  white 
crust  of  soda,  which  deliquiates  more  slowly  than  that  formed 
on  potassium.  It  is  not  changed,  however,  by  air  that  has  been 
artificially  dried. 

ofoiy^en.  ®^^'  ^^  combines  with  oxygen,  slowly  and  without  luminous 
appcirance,  at  all  common  temperatures.  When  heated  to  its 
fusing  point,  the  combination  becomes  more  rapid  ;  but  no  li^t 
is  emitted  till  it  becomes  nearly  red  hot.  The  flame  whfch  it 
then  produces,  is  white,  and  it  sends  forth  bright  sparks,  exhil^ 
iting  a  very  beautiful  eflbct.  In  common  air,  it  burns  with  i 
similar  colour  to  charcoal,  but  with  much  greater  splendour. 

Aii/pon  893.  When  thrown  into  water,  it  produces  a  violent  effervet- 

'"''*'"''  ccnce  and  a  loud   hissing  noise;  it  combines  with  the  oxygen 

of  the  water  to  form  soda ;  and  hydrogen  gas  is  evolved,  which 
does  not.  however,  as  in  the  case  of  potassium,  hold  any  of  the 
alkaline  base  in  solution.  Neither  can  sodium  be  made  to  dis- 
solve  in   hydrogen   gas,  by  being  heated   in   contact  with  it 
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When  thrown  into  hot  water,  the  decomposition  is  more  violent, 
ftod  in  this  case  a  few  scintillations  are  generally  observed  at  the 
anriace  of  the  fluid  ;  but  this  is  owing  to  small  particles  of  the 
base,  which  are  ejected  from  the  water,  sufficiently  heated  to 
bum  in  the  atmosphere. 

894.  Its  action  on  alcohol,  ether,  volatile  oil,  and  acids,  is  ^^  ^i^oiith  ' 
similar  to  that  of  potassium  ;  but  with  nitric  acid  a  vivid  inflam- 
mation is  produced.     H.  1.  53. 

895.  Sodium  and  Oxygen.     From  the  quantity  of  hydrogen  g^^ 
evolved  when  sodium  is  thrown  into  water,  we  learn  that  soda 
(protoxide  ofaodinm)  consists  of  about  75  sodium  and  2S  oxy- 

En  percent.;  and  if  it  be  considered  as  the  protoxide,  the  num- 
r  representing  the  metal  will  be  24,  and  soda  will  consist  of 
S4  S.  +  9  0.  and  be  represented  by  32. 

896.  The  peroxide  of  sodium  may  be  formed,  by  burning  p„^^. 
the  metal  with  an  excess  of  oxygen.     It  is  of  a  deep  orange 
colour,  very  fusible,  and  a  nonconductor  of  electricity.  ^  When 
acted  on  by  water,  its  excess  of  oxysen  escapes,  and  it  becomes 
eoda.     It  deflagrates  with  most  combustible  bodies.     It  appears 

to  be  constituted  of  2  atoms  of  sodium  =48,  with  3  atoms  of 
oxygen  a:  24,  and  its  equivalent  number  is  therefore  72. 

897.  Soda,  as  it  usually  occurs  in  the  laboratories,  is  obtain- 
ed from  the  carbonate,  by  the  action  of  lime  and  alcohol,  as 
described  under  the  head  potassa.  It  may  also  be  formed  by 
burning  sodium  in  a  quantity  of  air,  containing  just  oxygen 
enough  to  convert  the  metal  into  alkali.  It  is  of  a  grey  colour; 
of  a  vitreous  fracture ;  and  requires  a  strong  red  heat  for  its 
fusion.  It  consists  of  32  protoxide  of  sodium  -|-  9  water,  and 
is  represented  by  41.  When  soda  is  exposed  to  air,  it  soon 
becomes  covered  with  an  efflorescence  of  carbonate  of  soda. 

898.  Soda  is   distinguished   from    potassa,    by   forming   an      ^j^^. 
efflorescent  paste   when  exposed  to  the  atmosphere;  potassa  edfrompo 
under  the  same  circumstances  deliquesces.     If  excess  of  tartaric  ^*'**' 
scid  be  added  to  a  solution  of  soda  there  is  no  precipitation ; 

but  in  solution  of  potassa  it  occasions  a  deposiie  of  minute  crys- 
tals. Solution  of  soda  occasions  no  precipitate  when  added  to 
solution  of  muriate  of  platinum.  Solution  of  potassa  occasions 
a  yellow  precipitate  in  solution  of  platinum.  In  combination 
with  acids  it  produces  a  perfectly  distinct  class  of  salts. 

899.  Chloride  of  Sodium, — Sodium,  when  heated  in  chlo- 
rine, burns  and   produces  a  while  compound,  of  a  pure  saline  ^*»*o"^«- 
flavour,  soluble  in  2^  parts  of  water  at  60^,  and  forming  cubical 
crystals. 

900.  Or  it  may  be  fonr»ed  by  saturating  carbonate  or  hydrate  ^^  ^^^^ 
of  soda  with  muriatic  acid,  and  evaporating  the  liquid,  which  ed. 
yields  chloride  of  sodium  in  a  solid  form.     This  chloride  also, 

is  an  abundant  produce  of  nature,  being  that  well  known  sub- 
stance, common  salt,  which  is  become  a  necessary  ingredient  in 
the  food  of  man,  and  is  of  essential  utility  in  several  of  the  arts. 
For  purposes  of  experiment,  the  common  salt  may  be  employed, 
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PMpeiti«t. 


which  is  to  be  found  in  the  shops.  This  may  be  purified,  by 
adding  to  a  solution  of  it  in  water  a  solution  of  carbonate  of 
soda,  as  long  as  any  milkiness  ensues ;  filtering  the  solutioui 
and  evaporating  it  till  it  crystallises. 

901.  It  crystallizes  in  solid  regular  cubes,  or,  by  hasty  evapo- 
ration, in  hollow  quadrangular  pyramids,  which,  when  the  salt 
is  pure,  are  but  little  changed  by  exposure  to  the  air.  The 
common  salt  of  the  shops,  however,  being  impure,  acquives  an 
increase  of  weight,  in  consequence  of  the  absorption  of  moisture. 
The  various  forms  under  which  it  appears,  of  stoved  salt,  fisheiy 
salt,  bay  salt,  &c.  arise  from  modifications  in  the  size  and  com- 
pactness of  the  grain,  rather  than  from  any  essential  difference 
of  chemical  composition. 

902.  It  requires  for  solution,  twice  and  a  half  its  weight  of 
water,  at  60°  Fahrenheit,  and  hot  water  takes  up  very  littk 
more.  Hence  its  solution  crystallizes,  not  like  that  of  nitre,  by 
cooling,  but  by.  evaporation.  When  heated  gradually,  it  fiises, 
and  forms,  when  cold,  a  solid  compact  mass.  If  suddenly  heat- 
ed as  by  throwing  it  on  red-hot  coals,  it  decrepitates.  It  does 
not,  however,  after  being  dried  at  the  temperature  of  boiling 
water,  lose  by  ignition  more  than  two  or  three  parts  of  water 
per  cent,  and  essentially  it  contains  no  water.  When  mixed 
with  powdered  charcoal  or  sulphur,  and  fused  in  a  crucible,  it 
does  not  undergo  any  decomposition  or  essential  change. 

903.  It  is  decomposed  by  the  carbonate  of  potassa,  the  alktli 
of  which  combines  with  the  muriatic  acid  of  the  salt,  and  the 
carbonic  acid  is  transferred  to  the  soda. — Hence  we  obtain  mu- 
riate of  potassa  and  carbonate  of  soda.  A  process  for  effecting 
this  decomposition,  on  a  large  scale,  is  described  by  Westruml^ 
in  Crell's  Journal,  English  translation,     ii.  127. 

904.  When  chloride  of  sodium  is  dissolved  in  water,  it 
passes,  by  the  decomposition  of  that  fluid,  to  the  state  of  muri- 
ate of  soda,  and  it  is  this  salt  and  not  the  chloride  of  sodiam 
(which  last  can  only  exist  in  a  solid  form)  that  is  the  ingredient 
of  sea  water  and  other  solutions  of  common  salt.    Muriate  of 

coDpoutioD.  gQda  is  composed,  in  100  grains. 


DseoBpoti- 


Acid. 


Baae. 


According  to  Darcet .  •  of  •  .  49,27 

Berard  .  .  "  .  .  43, 

Dr  Marcet  "  .  .  46, 

Berzelius    "  .  .  46,56 


50,73 

57, 

54, 

53,44    H.  1.537. 


Chloride  of  sodium,  as  it  exists  in  fused  common  salt,  is  con- 
stituted of  an  atom  of  sodium,  weighing  24,  with  an  atom  of 
chlorine  weighing  36,  and  its  equivalent  is  60.  It  consists, 
then,  of 


Sodium 
Chlorine 


40,5 
59,5 


100 
147 


68 
100 


100, 
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prWolIaston  assumes  Its  coostitulion  to  be  3S,ii4  sodium -f* 
I  chlorine. 

.  In  the  common  process  for  obtaining  muriatic  acid  it  is 
mposed  by  sulphuric  acid.  In  this  decomposition  there  is 
Btsfer  of  the  oxygen  contained  in  the  water  of  the  sulphuric 
I  to  the  sodium  of  the  salt,  the  chlorine  of  which  combines 
with  the  hydrogen  of  the  water  to  produce  muriatic  acid  gas. 
The  oxide  of  sodium  unites  with  the  dry  sulphuric  acid  to  pro- 
dnw  sulphate  of  soda.     (371). 

^Bbuber  first  obtained  muriatic  acid  from  common  salt,  and 
^H<Cxi!>tence  of  soda  in  it  was  first  shown  by  Duhamel. 
^■S6.  Cklorute  of  Sodii  was  procured  by  Mr  Cheneviit  (Phil,  cwm 
^WooT.  1802),  by  the  same  process  as  chlorate  of  potassa,  but 
not  possessing  less  solubility  than  chloride  of  sodium,  the  two 
substaoces  are  difficultly  separable.  Vauquelin  obtained  it  by 
saturating  chloric  acid  with  soda.  Its  crystals  resemble  those  of 
chlorate  of  potassa,  its  taste  is  also  nearly  similar. 

907.  SodiuTn  and  Iodine  act  upon  each  other  with  the  same  i^did 
phenomeda  as  potassium,  and  an  iodide  of  sodiujn  is  obtained. 
^^  hydriodic  acid  and  soda  produce  a  similar  compound.     It 
^BUiquescent,  and  its  solution  yields  quadrangular  crystals. 
^^■8.  lodate  of  Soda  is  made  by  dissolving  iodine  in  solution  i"^" 
^^P^<;  R  white  compound   forms,  which  is  the  iodate  with  a 
portion  of  hydriodate  of  soda  ;  the  latter  may  be  removed  by 
alcohol,     lodate  of  soda  forms  small  prismatic  tufled  crystals, 
which    when   healed,  afford    oxygen    and  iodide  of  sodium. — 
^-Ldssac,  JinnaUs  de  Chimie,  xci. 

.   Nitrate  oj'  Soda  crystallizes  in  rhombs,  soluble  in  three  '''in 
I  ot  wa(«r  at  m°,  and  in  less  than  its  weight  at  312°.     It 
I  cool  sharp  flavour,  and  is  somewhat  deliquescent.     It  con- 
[of  3%  soda  +  54  nitric  acid.     It  is  often  found  in  crude  nitre, 
iug  apparently  from  the  decomposition  of  common  salt; 
PUw  cubic  nitre  of  old  writers.     It  may  be  formed  by  satu- 
^  carbonate  of  soda  with   nitric  acid,  or  by  di.slilling  com- 
I  Mil  with  three-fourths  its  weight  of  nitric  acid.     When  the 
r  process  is  adopted,  the  solution  must  be  evaporated,  till 
jtlltcle  appears  on  its  surface,  and  then  allowed  to  cool, 
■0,  The  only  use  of  nitrate  of  soda  is,  perhaps,  that  which  has  'w 
&  suggested  by  Proust,  who  has  found  it  to  be  more  econo- 
1   in    the  making  of  fire  works  than   nitrate  of  potassa."  t 
.541. 
\\.  Ht/posulphite  of  Soda    is    formed   as  hyposulphite    of 
Js49.)     It  is  difficultly  crysLallizable,  d'eliqucscent,  of 
JfttCDMly  bitter  taste,  and  ini^oluble  in  alcohol.     Its  aqueous 
■ion  readily  difsolves  moist  chloride  of  silver. 
b2.  Sulphite  of  Soda  is  crystallizable  in   transparent   four 
ix-sided  prisms,  soluble  in  four  parts  of  water  at  GO".     It 
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Salphate* 


Compoiitioo. 


Prop«rtief. 


^^••ulphate. 


Pboipbate. 


consists  of  32  soda  -|-  32  sulphurous  acid.     The  crystals  contaia 
twelve  proportionals  of  waters  108. 

913.  Sulphate  of  Soda — Glauber* s  Salt — Sal  mirabile — is 
abundantly  produced  in  the  manufacture  of  muriatic  acid,  by 
the  action  of  sulphuric  acid  upon  common  salt. 

914.  Common  salt  consists  of  24  Sodium  +36  chlorine. 
Sulphuric  acid  consist  of  40  dry  acid  +  9  water.  The  water  of 
the  acid,  consisting  of  1  hydrofren  +  8  oxygen,  is  decomposed. 
Its  hydrogen  is  transferred  to  the  chlorine  to  produce  gaseous 
muriatic  acid  (1  H.  +  36  C.  =  37  Mur.  A.),  and  its  oxygen 
unites  to  the  sodium,  forming  dry  soda  (8  Ox.  +  24  S.  =  32 
soda).  The  40  dry  acid,  unite  to  the  32  soda,  to  produce  sul- 
phate of  soda,  which  will  be  represented  by  the  number  72. 

915.  Sulphate  of  soda  crystallizes  from  its  aqueous  solution 
in  large  four-sided  prisms,  transparent,  and  efflorescent,  when 
exposed  to  air.  They  consist  of  72  dry  sulphate  +  90  water;  ex- 
posed to  dry  air  the  crystals  part  with  about  50  per  cent,  of  water. 

The  taste  of  sulphate  of  soda  is  saline  and  bitter :  it  is  solu- 
ble in  rather  less  than  three  times  its  weight  of  water  at  60^. 
When  exposed  to  heat  it  undergoes  watery  fusion,  that  is,  it 
melts  in  its  own  water  of  crystallization  \  when  this  has  evapo- 
rated it  fuses. 

916.  Sulphate  of  soda  is  sometimes  decomposed  for  the  pur- 
pose of  obtaining  soda,  by  igniting  it  with  chalk  and  charcoal, 
or  with  iron  and  charcoal.  (Of  these  processes  a  full  account  is 
given  in  Aikin's  Dictionary^  Art.  Muriate  cf  Soda.)  lU 
principal  use  is  in  Pharmacy. 

917.  Bi'Sulphate  of  Soda  is  obtained  by  adding  sulphuric 
acid  to  a  hot  solution  of  sulphate  of  soda.  \\  crystallizes  in 
Rhomboids  soluble  in  twice  their  weight  of  water  at  60^.  This 
salt  consist?  of  72  sulphate  of  soda-f  40  sulphuric  acid  s  112. 
Crell's   Jinnals,  1796.* 

918.  Phosphate  of  Soda  crystallizes  in  rhomboidal  prisms 
soluble  in  four  parts  of  water  at  60^,  and  efflorescing  when  ex- 
posed.    It  has  a  pure  saline  taste.     It  consists  of 

32  soda 

28  phosphoric  acid 

60 

The  crystals  contain  about  ^2  per  cent,  of  water.  This  sslt 
is  usually  obtained  for  pharmaceutical  purposes  by  saturating 
the  impure  phosphoric  acid,  obtained  from  calcined  bones  by 
sulphuric  acid,  ^See  Phosphorus)  with  carbonate  of  soda :  the 
liquor  is  filtered,  evaporated,  and  set  aside  to  crystallize.  It 
was  introduced  into  pharmacy  by  Dr  Pearson;  it  is  ih^  sal  per- 
latum  of  some  old  writers. 

*  Jimfitonio-iulphatt  of  Soda  it  a  triple  lalt,  formed  bj  Mturatiof  the  bi-mlphBte  with  eiMinnit 
Crell'i  Annah,  1796. 1. 

PhotphUt  of  Soda  bai  not  been  examined.  JSTypopAofpAite  ^  Soda  u  rtrj  solnble  btftkui  bIcaW 
•nd  water.— t^nnatw  d4  Chim.  «t  PAyt.  ii.  14S. 
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iMftted,  phot|du(to  of  soda  iuei  and  boils  up,  and  bar- 
ujrlaoiita  water  of  diyscallisatioa,  it  runs  into  a  clear  glass, 
w&sli  becomes  opaqoe  on  cooling.  If  a  globule  be  heated  be- 
hm  Iho  Uow-plpe  it  asstoies  the  dodecaedral  6gure  as  it  cools. 

•19.  Treated  with  solphoric  acid,  phosphate  of  soda  is  only 
psidj  decomposed,  a  atphaaphaie  qf  Soda  being  formed, 
vliieh  is  more  sdable  thui,  and  not  so  easily  crystdlizable  as 
tWi  nhnsnhitf 

9M.  JHmmanh'pkoiphaie  qf  Soda  exists  in  human  urine,  Amnoo-io. 
irirnaM  it- was  prooorsd  bv  the  early  chemists  under  the  names  ^^^^^' 
of  meicnMimte  and  fusioU  salt.  When  exposed  to  heat  the 
ammonia  is  expelled,  and  a  bi-phoaphaie  qf  soda  remabs :  it 
appeals  to  eonust  of  two  proportionals  of  phosphoric  acid  a  56 ; 
one  of  soda  »  39,  and  one  of  ammonia  ss  17. — FoimcnoT, 
dmmmUs  d$  Ckimk,  riu  183. 

Ml.  Carianate  qf  Soda  is  chiefly  obtained  by  the  combos-  <^»*x»*^«* 
tioB  of  marine  nlants,  the  ashes  of  which  afibrd,  by  lixiviaUon, 
the  impove  alkut  called  soda.  Two  kinds  of  rough  soda  occur 
in  the  market ;  bariUa^  and  kefy  ;  besides  which,  some  native 
sariomaie  qf  soda  is  also  imported.  Barilla  is  the  settufused 
ash  of  tbs  salsola  soda^  which  is  largely  cultivated  upon  the 
Bfoditmnnean  abore  of  Spain,  in  the  vicinity  of  Alicant  Kelp 
connts  jsf  dm  ashes  of  sea  weeds,  which  are  collected  upon 
maaj  of  dwvpeky  coasts  of  Britain,  and  burned  in  kilns,  or 
merely  in  enarations  made  in  the  ground  and  surrounded  by 
stones*  It  seldom  contains  more  tbm  5  per  cent,  of  carbonated 
alkali,  and  aboat  24  tons  of  sea  weed  are  required  to  produce 
one  ton  of  kelp.  The  best  produce  is  from  the  hardest  /uctp 
such  as  the  serratusj  diffitatus,  nodosus,  and  vesiculostis, 
(Mac  Citlloch's  fFestern  Islands,  Vol.  i.,  p.  122.)  The  rough 
alkali  is  contaminated  by  common  salt,  and  impurities,  from 
which  it  may  be  separated  by  solution  in  a  small  portion  of 
water,  filtrating  the  solution,  and  evaporating  it  at  a  low  heat : 
the  common  sut  may  be  skimmed  o£f  as  its  crystals  form  upon 
the  surface. 

922.  The  primitive  crystalline  form  of  carbonate  of  soda  is 
an  octoedron,  with  a  rhombic  base ;  the  solid  angles  of  the 
summit  are  always  wanting,  being  replaced  by  planes  parallel  to 
the  base,  and  thus  presenting  a  solid  with  10  surfaces.  It  is 
soluble  in  twice  its  weight  of  water  at  70^.  Its  taste  is  strongly 
alkaline,  and  it  greens  vegetable  blues.     It  consists  of 

82  soda 

22  carbonic  acid 

54 

Its  crj^tals  contain  seven  proportionals  of  water  =  63,  which 
may  be  expelled  by  heat.  They  efiloresce  by  exposure  to  air. 
This  salt  is  the  Sodss-Subcarbonas  of  the  Pharmacopceia, 

In  the  analysis  of  barilla  and  kelp,  to  ascertain  the  relative  pro- 
portion of  soda,  it  may  be  useful  to  know  that  100  parts  of  dilute 

33 
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nitric  acid,  specific  gravity  1,36,  will  saturate  50  parts  of  dry  car- 
bonate  of  soda,  which  are  equivalent  to  about  29  of  pure  soda. 

923.  Bi^carbonate  of  Soda  is  formed  by  passing  carbonic 
Bi.cari>onau.  ACid  throu^h  the  solution  of  the  sub-carbonate.     By  evaporation 

a  crystalline  mass  is  obtained.     This  salt  consists  of 

32  soda 

44  carbonic  acid 

76 

The  hi-carbonate  of  soda  has  a  very  slightly  alkaline  tastCi 
and  it  js  much  less  soluble  in  water  than  the  sub-carbonate. 

924.  This  salt,  as  well  as  the  bi-carbonate  of  potassa,  may  be 
obtained  by  treating  their  respective  carbonates  with  carbonate 
of  ammonia  ;  pure  ammonia  is  evolved  and  bi-carbonates  are 
formed. — (Sec  U»  S.  Pharmacqpasiaf  p.  198.  Bigelow's&- 
quel,  p.  342.) 

In  the  manufacture  of  this  bi-carbonate  for  the  purpose  of 
commerce,  160  lbs.  of  carbonate  may  be  dissolved  in  13  gallons 
of  water,  and  carbonic  acid  thrown  into  the  solution  in  a  proper 
Prari>M  for    spparatus.     The  bi-carbonate  falls  as  it  forms  to  the  amount  of 
i'n  the la^c    aboiit  50  lbs.,  and  being  separated  from  the  soludon  may  be 
^  'x  conveniently  dried  by  pressure  in  an  hydraulic  press,  and  sub- 

sequent exposure  to  heat  not  exceeding  100^.  A  fresh  portion 
of  carbonate  is  dissolved  in  the  mother  liquor,  and  the  operation 
repeated  as  before. 

925.  A  mixture  of  the  carbonates  of  soda  occurs  native  in 
great  abundance  in  Africa,  in  the  province  of  Galiena,  near 
Fezzan.  The  natives  call  it  Trona.  It  has  been  analyzed  by 
Mr  R.  Phillips,  who  considers  it  as  a  compound  intermediate 
between  the  carbonate  an^  bi-carbonatc.  Or  to  be  constituted 
of  3  atoms  of  acid  +2  of  soda,  or  of  H  atoms  of  acid  =  33-|-l 
of  soda  =  32,  together  65;  Hence  he  has  given  it  the  name'of 
sesgui'Carbonate  of  soda.     (Journ.  of  Science^  ^c.  vii.  298.) 

A  very  productive  so^a-lake  also  exists  in  South  Annerica  in 
Maracaybo,  one  of  the  provinces  of  Venezuela. — Quarterly 
Journal,  i.  p.  188. 

926.  Sub'borate  of  Soda — Borax. — This  salt,  which  has  been 
very  long  known,  is  imported  from  India  in  an  impure  stalei 
under  the  name  of  Tuicaly  which,  when  purified,   is  called 

Borax.  vcfined  Borax.  It  crystallizes  in  irregular  hexaedral  prisms, 
slightly  efflorescent.  Its  taste  is  alkaline  and  styptic.  It  is  solu- 
ble in  20  parts  of  water  at  60^,  and  in  six  parts  of  boiling  water. 
When  heated  it  loses  water  of  crystallization,  and  becomes  a 
porous  friable  mass,  called  calcined  borax^  or  gl€tss  qf  boraX' 
It  consists,  according  to  Gmelin,  of 

35,6  acid 
17,8  soda 
46,6  water 

100,0    ^nn.  Philos.  Vol.  9. 
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Sulphuric  acid  decomposes  this  salt,  producing  sulphate  of 
soda  and  boracic  acid.  (750)  It  has  a  place  in  the  Pharmaco- 
pctiaf  and   is  much  used  in  experiments  with  the  blow-pipe. 

987.  The  salts  of  sodium  are  soluble  in  water.  They  are 
not  precipitated  either  by  pure  or  carbonated  alkalis,  or  hydro- 
sulphuret  of  ammonia,  or  ferro-prussiate  of  potassa ;  they  pro- 
duce no  precipitate  in  solution  of  muriate  of  platinum,  and  do 
not  convert  sulphate  of  alumina  into  octoedral  alum. 

928.  Potassium  and  sodium  form  an  alloy,  which,  if  compos- 
ed of  one  part  of  potassium  and  three  of  sodium,  remain^  fluid 
at  38^.  Equal  parts  of  the  metals  form  a  brittle  crystallizable 
alloy. 


Section  III.    Lithium. 

989.  In  the  analysis  of  a  mineral,  called  petalite,  M.  Arfwcd- 
son  discovered  about  three  per  cent,  of  an  alkaline  substance,  niteorerf. 
which  was  at  first  supposed  to  be  soda ;  but,  finding  that  it  re- 
quired for  its  neutralization  a  much  larger  quantity  of  acid  than 
soda,  he  was  led  to  doubt  its  identity  with  that  alkali,  and  the 
further  prosecution  of  his  inquiries  fully  demonstrated  that  it 
possessed  peculiar  properties.  The  minerals  called  spodumene 
and  UpidoUte  also  afibrd  the  same  substance,  to  which  the  term 
lithia^  dedueed  from  its  lapideous  original,  has  been  applied. 
It  has  also  been  detected  in  a  few  other  minerals. 

930.  The  following  is  the  mode  of  obtaining  lithia. — Reduce 

the  mineral  to  a  fine  powder,  and  fuse  it  with  about  half  its  Method  ofob- 
weight  of  potassa;  dissolve  the  fused  mass  in  muriatic  acid,  uioiosuthu. 
filter,  and  evaporate  to  dryness ;  digest  the  dry  mass  in  alcohol ; 
the  only  substance  present,  soluble  in  that  liquid,  is  the  muriate 
qfiiihia,  which  is  taken  up;  and  by  a  second  solution  in  alco- 
hol and  evaporation,  it  is  obtained  pure.  It  may  be  decomposed 
by  digesting  carbonate  of  silver  in  its  aqueous  solution,  by 
which  a  carbonate  of  lithia  is  formed,  decomposable  by  lime,  in 
the  way  of  the  other  alkaline  carbonates. 

931.  M.  Arfwedson  decomposed  petalite  by  the  following 
method.     He  strongly  calcined,  for  an  hour  and  a  half,  the  Arfwfdtcn*i 
finely  powdered  mineral  with  four  times  its  weight  of  pure  car-  »«^«^-^ 
bonate  of  baryta  ;  digested  the  product  witli  an  excess  of  mu- 
riatic acid,  which,  leaving  the  silica  undissolved,  took  up  the 
baryta,  alumina,  &c. ;  precipitated   the    baryU  by    sulphuric 

acid,  and  the  alumina  by  carbonate  of  ammonia;  and  then, 
evaporating  to  dryness  the  residuary  liquor,  and  raising  the  heat 
so  as  to  expel  the  ammoniacal  salts,  a  saline  residue  was  left, 
which  was  dissolved  by  water,  with  the  exception  of  a  small 
quantity  of  sulphate  of  lime.  It  was  a  neutral  salt,  consisting 
of  the  new  substance  in  combination  with  sulphuric  acid.  The 
sulphate  was  decomposed  by  acetate  of  baryta,  and  the  .acetate 


^  MUBIATE  OF    LITBIA. 

oflrthia,  thus  oblained,  was  converted  by  calcinalion  inlo  car- 
bonate of  liibia.*  For  carbonate  vt  baryta,  Vauquelin  aod 
Gmelint  advantageously  substituted  the  nitrate. 

932.  When  lllhia  is  submitted  to  the  action  o[  lh«  Voltaic 
pile,  it  is  decomposed  with  the  same  phenomena  as  potasu  and 
soda;  a  brilliant  white  and  highly  combustible  metallic  sub- 
stance is  separated,  which  may  be  called  lilhium,  the  term 
lithia  being  applied  to  Its  oxide. 

The  properties  of  this  metal  have  not  hitherto  been  inresli- 
gated,  in  consequence  of  the  diiEcuIty  of  procuring  any  quaatity 
of  its  oxide. 

933.  The  proportion,  in  which  this  metal  unites  with  oxygen, 
has,  of  course,  not  been  delertnined  by  direct  experiment;  but 
it  has  been  deduced  by  Vauquelin,  from  an  analysis  of  the  sul- 
phate of  liibia,  and  the  application  of  the  law  that  the  propor- 
tion between  ibe  oxygen  of  sulphuric  acid  and  that  of  the  bim 
which  it  saturates  is  a«  3  to  1,  to  be  as  follows : 


Lithium 
Oxygen 


56,50 
43,50 


100, 


100 
77 


Arfwedson's  estimate  scarcely  differs  from  this,  but  Gmelia 
deduces  the  composition  of  liibia  to  be  5S,05  metal -|- 41.95 
oxygen ;  and  if  this  be  correct,  end  lithia  be  constituted  of  u 
atom  of  each  of  its  ingredients,  lithium  will  be  represented  by 
11  and  lithia  by  that  number -f  8  =  19.1;     H.  I.  550. 

934.  Pure  lithia  is  very  soluble  in  water,  and  its  sololion 
tastes  acrid  like  the  other  fixed  alkalies.  It  acts  powerfully  on 
vegetable  blues,  converting  ihem  to  green.  It  is  very  sparingly 
soluble  in  alcohol. 

935.  Chloride  of  Lithium,  obtained  by  evaporating  the  mu- 
riate to  dryness,  and  fusing  it,  is  a  while  semi  transparent  sub- 
stance. It  evidently  differs  from  the  chlorides  of  potassium  atid 
sodium,  in  being  extremely  deliquescent;  in  being  soluble  in 
alcohol  ;  in  being  decomposed  when  strongly  healed  in  ihe  open 
air,  when  It  loses  chlorine,  absorbs  oxygen,  and  becomes  highly 
alkaline  ;  in  being  very  dIflicuUly  crystallizable;  and  in  tinglDg 
the  flame  of  alcohol  of  a  red  colour.  |j 

936.  Muriate  of  Lithia  forms  small  regular  cubes  very  sim- 
ilar to  common  salt  In  their  taste.  The  easiest  mode  of  obtain- 
ing the  crystals  is  to  expose  the  solution  to  the  sun  in  a  hot 
day.  The  crystals  deliquesce  very  speedily  when  exposed  lo 
the  air,  but  nut  with  so  much  rapidity  as  nitrate  of  lithia.  This 
salt  does  not  melt  when  exposed  to  the  red  heat  produced  by 
the  action  of  a  spirit  lamp;  but  when  exposed   in  a  platiauin 
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crucible,  not  completely  covered,  to  an  incipient  white  heat,  it  if 
isaed  into  the  chloride.     U.  565. 

379.  Sulphuret  of  Lithium. — ^The  action  of  sulphur  eo  suipimnt. 
lithium  and  lithia  appears  analogous  to  its  action  on  potassium 
and  potassa,  it  affords  a  very  soluble  yellow  compound  which 
is  decomposed  by  acids,  with  the  same  phenomena  as  the  alka- 
line sulphurets,  and,  from  the  abundance  of  the  precipitate 
appears  to  contain  a  large  proportion  of  sulphur. 

988.  Sulphate  of  Lithia  crystallizes  in  small  rectangular  suiphatt. 
prisms,  perfectly  white,  and  possessed  of  much  lustre.  Their 
taste  is  saline,  and  their  solubility  intermediate  between  that  of 
sulphate  of  potassa  and  sulphate  of  soda.  The  crystals  contain 
no  waler,  and  fiise  at  a  heat  below  redness.  Their  solution  oc- 
casions no  change  in  solution  of  platinum,  nor  in  tartaric  acid. 
They  consist  of 

Sulphuric  acid  ....     69,16  or  40 
Lithia 30,82  or  17,8 


100  57,8* 

939.  Pho^hate  of  Lithia  has  been  examined  by  Dr  Gmelin ;  p,^^. 

it  may  be  obtained  by  adding  phosphoric  acid  to  sulphate  of  °^*'^^' 
lithia;  no  procipitate  is  at  first  formed,  but  on  adding  excess  of 
ammonia^  an  insoluble  phosphate  of  lithia  falls.  This  property 
enables  ns  to  separate  lithia  from  potassa  and  soda.  The  phos- 
phate of  lithia  may  be  decomposed  by  dissolving  it  in  acetic 
acid  and  adding  acetate  of  lead :  acetate  of  lithia  remains  in 
solution. 

940.  Carbonate  of  Lithia. — ^When  a  strong  solution  of  car-  c****®"**^ 
bonate  of  potassa  is  added  to  sulphate  of  lithia,  a  white  precipi- 
tate oT  carbonate  of  lithia  is  formed.     It  requires  about  100 

parts  of  water  at  60^  for  its  solution.  It  is  fusible,  alkaline^ 
effervesces  with  acids,  and  absorbs  carbonic  acid  from  the  air. 
Lithia  and  its  carbonate,  when  heated  upon  platinum,  act  upon 
that  metal.t 

It  consists  of  54,46  acid -|- 45,54  base.     The  watery  solution  ^^^    .^j^ 
effervesces  with  acids  ;  changes  vegetable  blue  colours  to  green;    ^"^^ 
decomposes  solutions  of  alumina  and  magnesia,   and  of  the 
metab;  is  rendered  caustic  by  lime;  disengages  ammonia  from 
its  combinations ;  and  does  not  precipitate  the  muriate  of  plati- 
num. 

941.  Lithia,  then,  is  sufficiently  distinguishable  both  from  p.^^j^^j^ 
potassa  and  soda,  by  its  difficult  solubility  in  water;  by  afford-  chHractcn. 
ing  deliquescent  salts  with  muriatic  and  nitric  acids;  and  still 

more  by  its  higher  capacity  of  saturation.  It  agrees  with  soda 
in  not  being  precipitated  by  tartai;ic  acid  or  muriate  of  platina,; 

*  Ri-tmtfSk9U  pfUtkim  it  pcoineed  bj  aiUiaf  an  exoeM  of  sttlpbvrie  *oid  tlo  the  aciilnl  ftiil|tbato. 

It  is  OMR  faukl9  aad  lets  solablc  ia  water  than  the  tulphnte. 

f  Tbtt  platiaoai  eraclbk  ia  whieh  c«ib«0Ata  gi  lithia  ba#  b«en  exposed  to  a  jred  beat,  fires  obvioos 
iodicatioos  of  hAving  been  attacked,  its  surface  assMiniog  a  dark  olive-greeo  colour }  but  the  metallic 
iostre  is  rastoved  by  nMMBfp  tiis  craeible  with  coaise  sand  and  tratcr. 


but  the  salts  of  litliia,  when  their  conC€Dlrated  solutions  are 
mixed   with  one  of  carboDate  of  soda,  deposite  carbonate  at  j 
lithia.     H.  551. 


Seci 


IV.     Cakiu. 


942.  Whex  lime  is  electrized   negatively   in   contact  with 
'  ""^    mercury,    an    amalgam    is    obtained,    which,    by    distillation, 

affords  a  while  metal.  It  has  been  called  calcium,  and  when 
exposed  to  air,  and  gently  healed,  il  burns  aod  produces  the 
Ojride  of  calcium,  or  lime* 

To  obtain  calcium,  a  paste  may  be  moulded,  either  of  pure 
lime,  or  of  sulphate  of  lime  and  water,  into  the  shape  of  a 
small  capsule,  which  may  be  placed  on  a  metallic  dish.  lolo 
this  capsule  mercury  may  be  poured,  and  connected  with  the 
negative  exlremity  of  a  galvanic  apjiaratua  of  sufficient  power, 
while  the  positive  wire  of  the  same  pile  is  made  to  touch  the 
under  surface  of  the  metallic  plate.  When  Ihe  contact  has  been 
continued  sufficiently  long,  an  amalgam  of  mercury  and  calcium 
is  obtained,  which  may  be  put  into  a  small  retort,  along  with 
naptha  enough  to  cover  it.  The  retorl  is  then  to  be  connected 
with  a  tubulated  receiver,  the  tuhulure  of  which  is  only  loosely 
stopped  with  a  cork.  On  applying  heat,  the  naptha  first  comes 
over;  then  the  mercury  ;  and  the  calcium  remains,  surrounded 
by  an  atmosphere  of  vapour  of  naplha.  As  (he  vessels  cool,  it 
would  be  desirable,  and  would  not  be  difficult,  to  fill  them 
with  nitrogen  gas,  to  prevent  the  oxidation  of  the  cbIcluib. 
H.  1.  552. 

Lime  appears  to  consist  of  20  parts  of  this  metallic  bue 
unit'jd  lo  8  parts  of  oxygen,  so  thai  its  representative  number 
will  be  =  3S. 

943.  The  combinations  of  lime   are    very  abundant  natunl 
'i'"i'     products,  and  of  these  the  Tia/n.'c  cnriflna^e  which,  more  orlen 

pure,  constitutes  the  different  kinds  of  marble,  chalk,  and  lime- 
stone, and  which  is  also  the  leading  hardening  principle  of 
shell,  coral,  &c.,  may  he  considered  as  the  most  imporiani. 

Lime  may  be  obtained  in  a  state  of  considerable  purity  by 
esposins;  powdered  while  marble  lo  a  white  heat,  which  expels 
t\°!^.'  the  carbonic  acid.  To  obtain  absolutely  pure  lime,  white  mar- 
ble may  be  dissolved  in  dilute  muriatic  acid,  a  little  ammonia 
added  to  the  solution,  and  tillered  :  carbonate  of  ammonia  is 
then  added,  and  the  precipitate  dried,  washed,  and  exposed  to8 
while  heat. 

944.  Its  colour  is  light  grey  ;  it  is  acrid  and  caustic  and  con- 
"'"      verts  vegetable  blues  to  green  ;  its  specific  gravity  is  2,3 ;  it  is 

very  difficult  of  fusion,  but  remarkably  promotes  the  fusion  of 
most  other  earthy  bodies,  and  is  therefore  used  in  several 
metallurgic  processes  as  a  cheap  and  powerful  flux.     Wlj| 

*  Or  QiufjlE'Jimcftj  il  U  po^ialvlj'  (armrdfrna  iucanuuTeprDpfrtipi. 
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quite  pure  it  can  only  be  fused  in  very  minute  particles  by  the 
ozyf^n  blow-pipe,  or  by  the  Voltaic  flame.  It  is  an  essential 
ingredient  in  mortar,  and  other  cements  used  in  building.  Ex- 
posed to  air  it  becomes  white  by  the  absorption  of  water  and  a 
little  carbonic  acid. 

945.  When  a  small  quantity  of  water  is  poured  upon  lime,  ^y*~**- 
there   is  a  great  rise  of  temperature  resulting  from  the  solidifi- 
cation of  a  portion  of  the  water,  and  a  white  powder  is  obtain- 
ed, called  slaked  lime^  which  is  a  hydrate^  and  which  appears 

to  consist  of  one  proportional  of  water  =  9  -f  one  proportional 
of  lime  =s  28  =  37  hydrate. 

It  is  strictly  ^proto-hydrate.  Some  care  is  necessary  in  its 
preparation,  lest  more  water  should  be  added,  than  is  essential 
to  its  constitution.  It  affords  a  very  convenient  form  of  keep- 
ing lime,  for  occasional  use  in  a  laboratory  ;  for  the  hydrate 
may  safely  be  preserved  in  glass  bottles,  which  are  almost  con- 
stantly broken  by  the  earth,  if  enclosed  in  its  perfectly  dry 
state. 

946.  The  degree  of  heat  produced  by  the  combination  of  Pbenomeiw 
lime  with  water,  is  supposed  by  Mr  Dalton  to  be  not  less  than  •/tepdinp  ih 
800°,  and  is  sufficient  to  set  fire  to  some  inflammable  bodies;  Ume. 
and  when  a  large  quantity  of  lime  is  suddenly  slaked  in  a  dark 
place,  even  light,  according  to  Pelletier,  is  sometimes  evolved. 

The  caloric,  which  is  thus  set  at  liberty,  is  doubtless  that  con- 
tained in  the  water,  and  essential  to  its  fluidity.  By  combina- 
tion with  lime,  water  passes  to  a  solid  state,  and  probably  even 
to  a  state  of  much  greater  solidity  than  that  of  ice.  Hence,  dur- 
ing this  change,  it  evolves  more  caloric  than  during  conversion 
into  ice;  and  hence  even  ice  itself,  when  mixed  with  quick- 
lime, in  the  proportion  of  one  to  two,  enters  into  a  combination 
which  has  its  temperature  raised  to  212°.  When  a  sufficient 
quantity  of  water  has  been  added  to  reduce  lime  into  a  thin 
liquid,  this  is  called  milk  or  cream  of  lime ;  but  this  can 
scarcely  be  regarded  as  a  definite  compound. 

947.  Lime,  though  not  of  itself  volatile,  is,  in  some  manner, 
perhaps  mechanically,  carried  up  by  the  vapour  employed  in 
slaking  it.  When  a  piece  of  moistened  paper,  stained  with  the 
juice  of  the  violet,  is  held  in  the  steam,  which  arises  from  lime 
suddenly  slaked,  its  colour  is  changed  from  blue  to  green. 
Hence  the  smell  which  is  perceived  during  the  slaking  of  lime. 
H.  1.  554. 

948.  Lime  may  be  obtained  in  a  crystalline  form  by  placing 
lime-water  under  the  receiver  of  an  air-pump,  with  another 
vessel  of  sulphuric  acid.  The  water  is  thus  slowly  evaporated, 
and  imperfect  crystals  of  hydrate  of  lime  are  formed.  Gay- 
LussAc,  Annales  de  Chimie  et  Phys,  i.  334. 

At  the  temperature  of  60°,  750  parts  of  water  are  required 
for  the  solution  of  one  part  of  lime. 

949.  Lime-water  is  limpid  and  colourless  ;  its  taste  is  nause-  Limr  water. 
ous,  acrid,  and  alkaline,  and  it  converts  vegetable  blues  to  green. 


CHLORIDE    OF    CALCIITU. 

It  is  usually  prepared  by  pouring  warm  water  upon  powdered 
lime,  and  allowing  the  mixture  to  cool  in  a  close  vessel :  the 
elear  part  is  then  decanted  from  the  remaining  undissolved  por- 
tion of  lime.  When  lime-water  is  exposed  to  the  air,  a  pellicle 
of  carbonalo  of  lime  forms  upon  its  surface,  which,  if  iiroken, 
is  succeeded  by  others,  until  the  whole  of  the  lime  is  thus  sepa- 
rated in  the  form  of  an  insoluble  carbonate.  Lime-water  is 
used  in  medicine  as  an  antacid. 

950.  When  oxygen  is  passed  over  heated  lime,  it  is  absorbed, 
and  a  portion  of  peroxide  of  calcium  is  formed.  A  hydfated 
peroxide  of  calcium  is  thrown  down,  according  to  M.  Tbeoard, 
when  lime-water  is  dropped  into  oxygenated  water. 

951.  Chloride  qf  Calcium  is  produced  by  healing  lime  ta 
chlorine,  in  which  case  oxygen  is  evolved;  or  by  evaporating 
muriate  of  limey  obtained  by  dissolving  carbonate  of  lime  in 
muriatic  acid,  to  dryness,  and  exposing  the  dry  mass  to  a  red 
heat  in  close  vessels.  In  this  case  the  muriatic  acid  is  deeoin> 
posed  ;  its  hydrogen,  uniting  with  ihe  oxygen  of  the  lime, 
escapes  in  the  state  of  water  ;  and  the  chlorine  unites  with  the 
calcium.  The  chloride  and  the  muriate  are,  therefore,  mutu- 
ally convertible  by  adding  or  expelling  water. 

952.  Itconsi3l3of20calcium -f  36chIorine  =  36.  This  com- 
pound has  a  strong  attraction  for  water  ;  it  deliquesces  when  ex- 
posed to  air,  and  becomes  what  used  to  be  called  oil  qf  lime,  ll 
is  diSiculily  cryalallizablc  from  its  aqueous  solutions  ;  with  care, 
however,  it  may  be  obtained  in  six-sided  prisms,  consisting  of 
the  chloride  combined  with  water.  It  is  most  readily  crystal- 
lized by  exposing  its  solution  to  the  temperature  of  33°.  Ill 
taste  is  hitter  and  acrid  ;  one  part  of  water  at  60"  dissolves  four 
parts  of  the  chloride.  Its  solubility,  however,  is  greatly  influ- 
enced by  temperature,  for  at  32°  one  part  of  water  will  not 
dissolve  more  than  two  of  the  sail,  and  at  212°  it  takes  up  nearly 
any  quantity.  It  is  copiouslysolitble  in  alcohol, and  much  heat 
is  evolved  during  the  solution.  When  fused  it  acquires  a  phos- 
phorescent properly,  as  was  first  observed  by  Homberg,  and 
hence  termed  Homkerg's  phosphorus.  It  is  abundantly  pro- 
duced in  the  manufacture  of  carbonate  of  ammonia,  from  the 
decomposition  of  muriate  of  ammonia  by  lime,  and  hence  has 
somelimes  been  called  jlxed  sal  ammoniac.  The  production 
of  cold  by  mixing  muriate  of  lime  with  snow  has  already  been 
adverted  lo  (132.)  Chloride  of  lime  absorbs  ammoniacal  gss  in 
considerable  quantities.  {Fahaday,  Journal  of  Science,  Vol, 
v.  p.  74.)  In  its  fused  slate  this  compound  is  very  useful  for 
drying  certain  gaseous  bodies,  but  where  the  quantity  of  the 
gas  is  to  he  ascertained,  its  powers  of  absorption  in  certain  cases 
must  not  be  overlooked. 

Pellelier  has  stated,  that  if  carbonic  acid  be  passed  through  ■ 
solution  of  muriate  of  lime,  the  whole  becomes  a  hard  solid  mass. 
If  sulphuric  acid  be  poured  Into  a  strong  solution  of  muriate  of 
lime,  the  whole  congeals  into  a  solid  mass  of  sulphate  of  lime. 
(37.) 


J 
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953.  A  substance  called  Oxymuriate  of  Lime — Sub-chlo- 
qf  lime  is  abuDclantly  employed  as  a  bleaching  material, 

aad  manufactured  by  passing  chlorine  into  leaden  chambers 
containiDg  hydrate  of  lime  in  fine  powder,  by  which  the  gas  is 
copiously  al^rbed.  Dr  Thomson  has  shown  this  to  be  a  com- 
pound of  chlorine  and  lime^  when  heated  it  gives  off  a  large 
quantity  of  oxygen,  and  a  chloride  of  calcium  results.  This 
shows  the  superior  attraction  of  calcium  for  chlorine  compared 
to  oxygen,  the  latter  being  expelled  from  the  lime.* 

954.  Chlorate  of  Lime  is  a  very  soluble  deliquescent  salt  of  cbiomt*. 
a  sharp  bitterish  taste.     It  is  most  easily  produced  by  dissolving 
carbonate  of  lime  in  chloric  acid.     Exposed  to  heat,  oxygen  is 
evolved,  and  a  chloride  formed.t 

955.  Nitr€iteof  Lime  is  a  deliquescent  salt,  soluble  in  4  parts  Niiraif 
of  water  at  60°.     It  is  found  in  old  plaster  and  mort«nr)  from  the 
washings  of  which,  nitre  is  procured  by  the  addition  of  carbo- 
nate of  potassa. 

956.  To  prepare  it  artificially,  nitric  acid,  diluted  with  five 

or  six  parts  of  water,  may  be  saturated  with  carbonate  of  lime,  pt*?"**'"" 
63  parts  of  which  are  decomposed  by  90,23  of  nitric  acid  of 
density  1,5,  and  give  103,05  of  dry  nitrate  of  lime.it^  When 
this  solution  is  boiled  down  to  the  consistence  of  syrup,  and 
exposed  in  a  cool  place,  long  prismatic  crystals,  are  formed, 
resembling,  in  their  disposition,  bundles  of  needles  diverging 
from  a  common  centre.  These  crystals  are  readily  soluble  in 
water,  of  which,  at  60°,  they  require  two  parts,  and  boiling 
water  dissolves  an  equal  weight.  They  deliquiate  speedily, 
when  exposed  to  the  air ;  and  are  decomposed  at  the  tempera- 
ture of  ignition.     Exclusive  of  water  it  contains, 

Acid.  Bnse. 

According  to  Dalton  ....  61,3  ...  .  38,7 
Phillips    .  .  .  65,6  ....  34,4     H.  1.562. 

*  Th«  MtAj  of  sub-cbloride  of  lime,  ia  order  to  ascerUin  its  commercial  viiluf ,  has  Ueen  p(Ti<etn<l  in 
i*Teral  wmj*.  Mr  DiJton  urtt  proposed  dettcLiog  the  pis  from  a  giren  weight  rither  of  the  dry  or 
liqtad  compouad,  over  mercury  in  a  graduatedTube,  by  meani  of  an  acid  A  portion  of  the  chlorine 
is  rataioed  by  the  liqiad,  which  may  be  eitimatcd  at  twtce  itt  rolume ;  but  no  sensible  error  is,  it 
seens,  oceatioood  by  the  action  of  the  chlorine  oo  the  mercury.  He  afterwirdi  announoi-d  what  be 
conaidert  as  an  improycd  method,  viz.  the  soccesuve  addition  of  a  solutii^^of  the  chloride  to  a 
solution  of  green  sulphate  of  iron  (sp.  gr.  1,  149.)  till  the  smell  of  chlorine  ii  doveloprd.  , 

Thii  method,  however,  is   greatly  inferior  to  that  of  liberating  the  chlorine  by  no  ncid.    To  I 

elect  this,  withoat  the  aid  of  a  mercurial  trough,  DrUrehns  contrived  an  instrunirnt  dex-riiied  in 
thr  (loarterly  Journal,  xiii.  -21.  For  the  purposes  oi  the  artist,  however,  thr  mo»t  pructicablK  method 
nill  bo  found  to  be  the  test  of  solution  of  indigo  in  sulphuric  iiciJ.  Itnioy  be  uf  sm-.h  str^n^th  thirt 
1600  parts  of  the  liquor  contain  one  of  indigo,  Of  this  solution  100  cubic  inchcb  or  c  hlorine  =76^ 
grains,  destroy  the  colvur  of  1159,5  cubic  inches,  or  10  grains  of  chlorine  di^chur^-c  the  colour  <if  16) 
cubic  inches  uf  thu  solution.  It  is  desirable  to  dilute  the  solution  of  chlori<Jc,  so  lh.it  its  vuiuiiic  may 
be  nearly  one-half  that  of  the  colour  lest ;  to  pour  the  former  into  the  latter  r  lowly  and  at  intirviils,  ' 

stirring  the  mixiure  well  after  each  addition;  and  in  making  84*veral  cuinpiiralivu  experiments  to 
tAc  care  that  the  quality  of.  the  lest,  and  tho  manner  of  proceeding,  shall  be  the  sante  in  all.  It 
cannot,  bowevrr.  be  pretended  that  thi*  test  possetses  the  scientiHc  acrurAcy  nttoinal.le  by  the 
admeasurement  of  the  disengagtfd  chlorine,  which  alone  is  to  be  dep<*n<Ied  u|.on,  whrn  a  precise 
analyssa  it  required,     fl.   ].  £60. 

^ hdttie  •/ Urn*  it  difficultly  ciystalliztblr  in  small  quadrangular  prirms.    Hytlrio^att  of  L.^m 
it  very  deli qtie see ol ;  when  dried  it  becomes  ioii:«/«  of  calcium,  a  while  fu^i'olt  coin^>ouuil. 
I  Phillips*  Journal  uf  Scuiiee,  v.  167, 
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957.  When  a  solution  of  nitrate  of  lime  is  evaporaletl  U  I 
dryness  in  an  earthen  vessel,  iheii  fu^ed  for  live  or  ten  minma  I 
in  a  crucible,  and  poured  while  in  fusion  into  an  iron  polprc-  1 
viously  healed,  the  congealed  mass  forms  Baldwin's  phospho-  I 
rus.  It  must  be  broken  into  pieces,  and  preserved  in  a  well- 
stopped  phial.  These  pieces,  after  having  been  exposed  to  ibe  I 
sun  for  a  few  hours,  emit  in  the  ilark  a  beautiful  while  lij^l, 
affording  one  variety  of  solar  phosphorus.  At  a  red  best  il  ii  I 
decomposed;  its  acid  is  dissipated,  and  pure  lime  rema' 
contains  in  its  crystallized  state  about  25  per  cent,  of  wa 
may  hence  he  considered  as  composed  of 

I  proportional  dry  nitrate  . 
3  water  .... 


.  27 

109     B. 

953.  SuJjihurel  of  Lime  is  formed  by  heating  in  a  ci 
crucible  one  part  of  sulphur  with  two  of  lime.     It  is  solubh 
water  with  >he  same  phenomena  as  sulphuret  of  poiassa. 

959.  According  to  Mr  Herschel,  crystallized  hydrosufyhurH 
of  lime  is  formed  when  three  parts  of  slaked  lime  and  one  of 
sulphur  are  boiled  in  twenty  pnrls  of  water,  and  the  solution 
allowed  to  cool  upon  the  sediment:  he  dried  the  crystals  by 
exposure  to  the  absorbent  power  of  a  large  surface  of  sulphuric 
acid,  placed  under  an  exhausted  receiver.  Their  form  is  that 
of  quadrilateral  prisms  with  dihedral  summits.  They  are  sptt- 
ingly  soluble  in  cold  water,  the  solution  havini;  a  yellow  colour 
and  an  acrid,  bitter,  and  sulphurous  taste.  Tbey  consist  of  two 
proportionals  of  lime,  two  of  sulphur,  one  of  hydrogen,  and  four 
of  water. — Edinburgh   Philosuphical  Journal,  '\.  p.    II,  tiC. 

960.  When  sulphurous  acid  is  ground  in  a  mortar  with  the 
above  crystals  its  smell  disappears,  and  when  filtered  it  is  found 
to  be  a  solution  of  hyposulphite  of  lime.  By  passing  sulphur- 
ous acid  tbrou£;h  an  aqueous  solution  of  sulphuret  of  lime,  ihc 
same  product  is  obtained  :  and  if  the  solution  be  filtered  and 
evaporated,  at  a  temperature  not  exceeding  140°,  it  furni^hts 
crystals  :  the  temperature  of  ebullition  decomposes  il.  The 
erystata  are  little  altered  by  air,  very  soluble  in  water,  and  inso- 
luble in  alcohol.     They  consist,  according  to  Mr  Herschel,  of 


Lime  . 
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961,  The  hyposulphites  of  soda,  potassa,  and  amtnoDia, 
baryta,  and  of  strontia,  may  be  formed  by  passing  sulphurous 
acid  through  ibe  aqueous  solutions  of  tbeir  sulphurets.    . 

962.  Sulphite  of  Lime  is  formed  by  passing  sulphurous  acid 
into  a  mixture  of  lime  and  warm  water.  It  is  a  white  powder, 
soluble  by  excess  of  sulphurous   acid,  and  then  separating  in 
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Brisnutic  crystals,  of  difficult  solubility,  efflorescent^  and  pass- 
ing into  sulphate  of  lime  by  exposure  to  air. 

963.  Sulphate  of  Lime  occurs  native  in  selenite,  gypsum,  suiph.u. 
and  plaster-stone.     Sulphate  of  lime  may  be  formed,  by  adding 

to  the  carbonate  a  sufficient  quantity  of  sulphuric  acid  ;  and  by 
pntly  calcining  the  residue,  to  expel  the  redundancy  of  the  latter 
add ;  it  then  affords  silky  crystals  soluble  in  350  parts  of  water. 
When  these,  or  the  native  crystallized  sulphate  are  exposed  to  a 
nd  heat,  they  lose  water,  and  fall  into  a  white  powder  {plasier 
qf  Pari9)j  which,  made  into  a  paste  with  water,  soon  solidi- 
fies. Dry  sulphate  of  lime  consists  of  2S  lime  -f  40  sulphuric  composiUon. 
acid  =  68. 

Crystalline  sulphate  of  lime  contains  two  proportionals  of 
water,  and  is  consequently  represented  by  6S  -f  18  =  SG.  As 
sulphate  of  lime  is  more  soluble  in  water  than  pure  lime,  sul- 

Shuric  acid  affords  no  precipitate  when  added  to  lime-water. 
Nearly  all  spring  and  river  water  contains  this  salt,  and  in  those 
waters  which  are  called  hard  it  is  abundant.  They  curdle  soap, 
the  alkali  of  which  is  detached  by  the  sulphuric  acid,  and  the 
oil  is  set  at  liberty.  It  gives  to  them  a  slightly  nauseous  taste. 
At  a  very  high  temperature  sulphate  of  lime  is  fusible,  but  it 
sufiers  no  decomposition ;  heated  with  charcoal  it  is  converted 
into  a  sulphuret.  It  dissolves  without  decomposition  in  dilute 
nitric  and  muriatic  acids,  and  separates  from  these  solutions 
iw'hen  concentrated,  in  long,  silky  or  transparent  crystals.  It  is 
decomposed  by  the  alkaline  carbonates,  a  double  exchange  of 
principles  ensuing.  Hence  the  milkiness  which  ensues  on  add- 
ing carbonate  of  potassa  to  many  spring  waters ;  the  carbonate 
of  lime,  which  is  generated,  being  less  soluble  than  the  sulphate. 

964.  Native  Sulphate  of  Lime  occurs  in  various  forms.  N«tir«. 
The  crystallized  variety  is  usually  called  selenite ,  the  fibrous 

and  earthy f  gypsum;  and  the  granular  or  maissiyey  alabaster. 
The  primitive  form  of  selenite  is  a  right  oblique-angled  prism.* 
The  crystals  are  commonly  transparent,  and  of  various  col- 
ours; it  is  softer  than  native  carbonate  of  lime,  and  yields  very 
.easily  to  the  nail.  It  is  seldom  found  in  veins,  but  generally 
disseminated  in  argillaceous  strata.  It  is  often  accompanied  by 
shells  and  pyrites,  and  appears  (6  have  resulted  from  their 
matual  decomposition.  A  beautiful  fibrous  variety  is  found  in 
Derbyshire,  applicable  to  ornamental  purposes.  It  is  turned 
by  the  latlie,  and  sculptured  into  a  variety  of  beautiful  forms, 
more  especially  by  the  Florentine  artists. 

965.  There  is  a  variety  of  sulphate  of  lime,  which  has  been 
called  anhydrous  gypsum^  or  anhydrite^  in  reference  to  its  ^°*'i<*'^''* 
containing  no  water.     It  is  harder  than  selenite,  and  sometimes 
contains    common  salt,  and  is  then    called  mxiriucitc.     It  is 
rarely  crystallized,  generally  massive  and  lamellar,  and^uscopti- 

ble  of  division  into  rectangular  prisms.     It  has  a  pale  blue  lint ; 
sometimes  it  is  pink   or  reddish,  and  often  white.     It  has  been 

*  Brook*'  Cr)«'«ll.>..«)hy 
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fotii](]  at  Vulpiiio,  in  Ilalr,  and  hence  called  l^ulpinite.  The 
statuaries  of  Borjiamo  and  Milan  employ  it,  and  artists  know  it 
by  the  name  of  Murbre  di  Bergamo.  A  compound  of  sulphate 
of  lime  and  sulphate  of  soda  is  found  in  the  salt-mines  of  New 
Castile,  which  mineralogists  have  described  under  the  aameof 
Glauberiie. 

^_  966.  Ph'isphurcl  of  Lime. — By  passing  phosphorus  over  red- 
hot  lime,  a  brown  compound  is  produced,  which  rapidly  decom- 
poses water  with  the  evolution  of  phosphuretted  hydrogen 
gas.  Ilydrophosphuret  and  hypo-pkosphite  q/"  Umt  are  jIm 
formed. 

,^.  The  best  process  for  oblaining  this  phosphuret  is  the  folloir- 
in;;  :  select  a  preen  glass,  or  porcelain  tube,  closed  at  one  end, 
ami  about  18  inches  long,  and  one  inch  diamelEr,  and  carefully 
cover  it  with  a  ciay  lute  containing  a  very  little  borax.  Put 
an  ounce  of  phosphorus  broken  into  small  pieces  into  the  lower 
end,  and  fill  it  up  with  pieces  of  clean  quicklime,  about  the  «» 
of  large  pens  :  place  it  in  an  inclined  position  id  a  furnace,  so 
that  the  end  containing  the  phosphorus  may  protrude,  while 
the  tipper  part  of  the  tube  is  heating  to  redness  ;  then  slowly 
draw  the  cool  part  into  the  fire,  by  which  the  phosphorus  will 
be  Tolalilized,  and  passing  into  the  red-hot  lime,  convert  a  por- 
tion of  it  into  phosphuret.  Care  should  be  taken  that  no  con- 
siderable portion  of  phosphorus  escapes  and  bums  away  at  the 
open  enii  of  the  lubD,  which  after  the  process,  should  be  corked 
and  sufi'ered  to  cool.  Its  contents  may  then  be  shaken  upon  i 
sheet  of  paper,  and  the  brown  pieces  picked  out  and  carefully 
prescr\ed  in  a  well  stopped  phial ;  the  while  pieces,  or  lho« 
which  are  only  pale  brown,  must  be  rejected.  This  compouDd, 
though  called  phosphuret  of  lime,  is  probably  a  phosphuret  qf 
calcium. 

If  the  carbonate  of  lime  be  substituted  for  pure  lime,  the  car- 
1}onic  acid  is  decomjioscd.  Its  carbon  is  set  at  liberty,  and 
appears  in  the  slule  of  charcoal;  while  its  oxygen  unites  with 
the  phosphorus ;  and  the  phosphoric  acid,  thus  produced,  forma 
phosphate  of  lime.  In  this  process,  discovered  by  the  late  Mr 
Tennant,  carbonic  ocid  is  decomposed  by  the  conspiring  affini- 
ties of  phosphorus  for  oxygen,  and  of  lime  for  phosphoric  add, 
though  the  former  alhnity  only  would  be  inadequate  to  prodncfl 
the  cficct.     H.  1.  5C5. 

967.  The  phosphuret  of  lime  has  the  remarkable  property  of 
decomposing  water  at  the  common  temperature  of  the  atmof- 
phere;  and  the  water  afterwards  contains  pliosphite,  or  hypo- 
phosphite,  not  phosphate  of  lime* 

Drop  a  small  piece  of  it  into  a  wine-glass  of  water,  and  in  a 
short  lime  bubbles  of  phosphuretted  hydrogen  gas  will  be  pro- 
duced ;  which,  rising  to  the  surface  will  take  fire,  and  explode. 
If  the  phosphuret  of  lime  be  not  pRrfeclly  fresh,  it  may  be 
proper  to  warm  the  water  to  which  it  is  added. 


CABBONAtK  OF  LTMX.  261 

Into  an  ale-glass  put  one  part  of  phosphurct  of  lime,  in  pieces  f^p 
of  about  the  size  of  a  pea  (not  in  powder),  and  add  to  it  half  a 
part  of  chlorate  of  potassa.  Fill  the  glass  with  water,  and  put 
into  it  a  funnel,  with  a  long  pipe,  or  narrow  glass  tube,  reach- 
ing to  the  bottom.  Through  this  pour  three  or  four  parts  of 
strong  sulphuric  acid,  which  will  decompose  the  chlorate ;  and, 
the  phosphuret  also  decomposing  the  water  at  the  same  time, 
flashes  of  fire  dart  from  the  surface  of  the  fluid,  and  the 
bottom  of  the  vessel  is  illuminated  by  a  beautiful  green  light. 
(Davy). 

968.  Phosphate  of  Lime  citists  abundantly  in  the  bones  of  pbo.ph»te. 
animals;  it  is  also  found  in  the  mineral  world.     It  may  be  form- 
ed artificially,  by  mixing  solutions  of  phosphate  of  soda  and 
muriate  of  lime.     It  is  insipid  and  insoluble  in  water,  but  dis- 
solves in  dilute  nitric  and  muriatic  acid  without  decomposition, 

and  is  precipitated  unaltered  by  caustic  ammonia.  It  is  decom- 
posed by  sulphuric  acid,  and  thus  the  phosphoric  acid  for  the 
production  of  phosphorus  is  usually  procured  (593.)  It  consists 
of  2B  lime  +  28  phosphoric  acid  =  58. 

969.  It  may  be  obtained  by  dissolving  bones,  which  have  . 
been  well  calcined  and  then  pulverized,  in  dilute  muriatic  acid,  ei!^      ^ 
and  precipitating  the  solution  with  pure  ammonia.     The  pre- 
cipitate, when  sufficiently  edulcorated,  is  phosphate  qf  lime. 

At  a  very  high  temperature  phosphate  of  lime  fuses  into  an 
opaque  white  enamel. 

970.  Bi-phosphateof  Lime  is  formed  by  digesting  the  phos- 
phate in  phosphoric  acid.  On  evaporation  a  white  deliquescent 
uncrystallizable  mass  is  obtained,  composed  of  one  proportional 
of  lime  +  two  of  phosphoric  acid. 

971.  The  phosphoric  glass  described  under  the  head  phospha^ 
ric  acid  (594.)  is  considered  by  Dr  Thomson  as  a  definite  com- 
pound, which  he  has  termed  quadriphosphate  of  lime. — Sys- 
tem, ii.  460. 

972.  Native  Phosphate  of  Lime  has  by  some  been  regarded 

as  a  sulhphosphate,  in  which  case  it  would  be  composed  of  two  ^''**''- 
proportionals  of  lime  +  one  phosphoric  acid.     This  compound 
occurs  crystallized  and  massive,  and  is  known  under  the  names 
of  apatite,  asparagus-stonej  and  phosphorite, 

973.  Carbonate  of  Lime  is  the  most  abundant  compound  of  carbmate. 
this  earth. 

Lime  has  a  strong  attraction  for  carbonic  acid^  but  not  when 
perTfectly  dry ;  for  if  a  piece  of  dry  quicklime  be  passed  into  a  ^**^' 
jar  of  carbonic  acid  gas  over  mercury,  no  absorption  whatever 
ensues.  But  if  a  bottle,  filled  with  carbonic  acid  gas,  be  invert- 
ed over  a  mixture  of  lime  and  water  of  the  consistence  of  cream, 
a  rapid  absorption  will  be  observed,  especially  if  the  bottle  be 
agitated;  or  if  a  jar  or  bottle,  filled  with  carbonic  acid,  be 
brought  over  a  vessel  of  lime  water,  on  agitating  the  vessel,  a 
rapid  diminution  will  ensue,  and  the  lime  water  will  become 
milky. 
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When  a  shallow  vessel  of  lime  water  is  exposed  lo  the  air,  i 
wliite  crust  forms  on  the  surface,  and  this,  if  broken.  Calls  to 
the  bottom,  and  is  succeeded  by  another,  till  the  whole  of  ihe 
lime  is  precipitated  from  the  solution.  This  is  owing  lo  the 
absorption  of  carbonic  acid  gas  from  the  air  by  Ihe  lime,  wliich 
is  thus  rendered  insoluble  in  water.  Dry  lime,  also,  when  ex- 
posed to  the  atmosphere,  first  acquires  moisture,  and,  having 
become  a  hydrate,  next  absorbs  carbonic  acid.  In  a  sufficient 
apace  of  time,  all  the  characters  distinguishing  it  as  lime  disap* 
pear,  and  it  acquires  the  property  of  effervescing  with  acidl 
The  strong  aliinity  of  lime  for  carbonic  acid  enables  it  tg  labi 
this  acid  from  other  subjUnices.  Thus  carbonates  of  alkalies  in 
dseomposcd  by  lime  (S35.)     H.  1.  562. 

!'74.  Carbonate  of  lime  occurs  in  nature  in  great  abundann 
and  in  various  forms.     The  primitive  form  of  crystallized  cu- 
■icmoui     honate  of  lime,  or  calcareous  spar,  is  an  obtuse  rhomboid  of 
'"■  105°  5'  and  74°  55'.     Its  specilic  gravity  is  2,7,     It  occurs  in 

every  kind  of  rock,  and  its  secondary  forms  are  more  numer- 
ous than  those  of  any  other  substance ;  sometimes  Jt  forms 
fine  stalactites,  of  which  some  of  the  caverns  of  Derbyshire 
furnish  magnificent  specimens;  it  is  here  deposited  from  its 
solution  in  water  acidulated  by  the  carbonic  acid,  and  substances 
immersed  in  this  water  become  incrusted  by  carbonate  of  lime, 
when  the  excess  of  acid  flies  off,  as  in  the  petrifying  well  ((f 
Matlock.  A  fibrous  variety  of  carbonate  of  lime,  called  satin 
spar,  is  found  in  Cumberland. 
LTbnmc  975.  The  carbonic  acid  existing  in  carbonate  of  lime  is  ex- 

'hMt"""'  polled  by  a  strong  red  heat.     If  distilled  in  an  earthen  retort, 
carbonic  acid  ^s  is  obtained,  and  lime  remains  in  the  retort  ia 
a  pure  or  caustic  state.     By  tliis  process  carbonate  of  lime  loKS 
about  45  per  cent. 
rJiQM  ^"**'  ^''^   experiments  of  Sir  James  Hall    have  proved,  that 

■ir.  dipt-  when  the  escape  of  the  carbonic  acid  is  prevented  by  strong 
'""'         pressure,  carbonate  of  lime  is  fusible  in  a  heat  of  about  SS"  m 
Wedgwood's  pjrometcr.'     And  Mr  Bucholz  has  lately  fused 
this  substance,  by  the  sudden  application  of  a  violent  heal^  with- 
out additional  compression.t 

077.  Carbonate  of  lime   is   precipitated    by    the    carbonated 

alkalies  from  solutions  of  muriate,  nitrate,  and  sulphate  of  lime. 

It  is  decomposed  by  almost  all  acids.     This  will  appear  if  upon 

p.  chalk  or  maible   contained  in  a  gas  bottle  diluted  sulphuric  or 

muriatic   acid  be  poured.     A  violent  effervescence   will  ensue, 

ca<m>Mi  owing  to  the  escape  of  carbonic  acid  gas,  which  may  be  cotlect- 

"  *■       ed  over  water  or  mercury.     By  a  little  modification  of  the  ex- 

Eeriment,  the  quantity  of  carbonic  acid  expelled  from  the  car* 
onale  may  be  correctly  ascertained.  Let  100  grains  of  carbo- 
nate be  put  into  a  Florence  flask,  with  an  ounce  or  two  of  water; 
place  this  in  the  scale  of  a  balance;  and  in  the  same  scale,  but 
in  a  separate  bottle,  about  half  an  ounce  of  muriatic  acid.     Add 
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s  muriatic  acid  to  the  carbonate  as  long  as  any  effervescence 
produced,  and  then  blow  out  that  part  of  the  disengaged  car- 
nic  acid  which  remains  in  the  flask,  by  a  pair  of  bellows. 
certaiDy  by  adding  weights  to  the  opposite  scale,  how  much 
I  been  lost;  suppose  it  to  be  43,5  grains;  this  shows  the  ' 
mtity  of  carbonic  acid  disengaged.  Calcine  another  100 
tins  in  a  covered  crucible.  It  will  lose  rather  more  of  its 
:i|;ht ;  because,  besides  its  carbonic  acid,  all  the  water  is 
pelled  which  it  may  contain.  Let  this  loss  be  stated  at  45 
lins;  the  former  loss  deducted  from  this  (45 — 43,5)  or  1,5 
aios,  shows  the  quantity  of  water  in  100  of  the  carbonate. 
le  proportion,  however,  thus  discovered,  is  so  small  that  it 
ly  be  considered  as  an  accidental  ingredient.  Independently 
water  it  is  constituted, 

Acid.  Bam. 

According  to  Dr  Wollaston,  of .  •  •  •  43,7  .  .  •  56,3 
Berzelius,  of  ...  .  43,6  ...  51,4 

978.  Borate  of  Lime  is  a  white  tasteless  powder  of  very 
ffirult  solubility  in  water. 

979.  The  salts  of  lime  have  the  following  properties  : — 

Those  which  are  soluble  are  not  altered   by  pure  ammonia,  Pn>p«rties  ef 
It  they  are  decomposed  by  potassa  and  soda.     They  are  also  SL!*****' 
ecomposed   by  the  carbonates  of  potassa,  soda,  and  ammonia, 
rhich  produce  precipitates  of  carbonate  of  lime. 

Oxalate  of  ammonia  produces  in  their  solutions  a  white  inso- 
able  precipitate  of  oxalate  of  lime,  which  exposed  to  a  red 
eat,  affords  pure  lime. 

The  insoluble  salts  of  lime  are  decomposed  by  being  boiled 
ith  carbonate  of  potassa,  and  afford  carbonate  of  lime. 

980.  Fluor  Spar. — Filiate   of  Lime, — ^These   terms  have 

een  applied  to  a  body  containing  a  peculiar  principle  which  has  *^"***- 
ot  hitherto  been  obtained  in  an  insulated  state. 
.  It  is  a  principle  which  probably  belongs  to  the  acidifying 
lectro-negative  supporters  of  combustion,  and  which  in  flour 
7ar  is,  perhaps,  united  to  calcium.  It  appears  to  be  united 
^ith  hydrogen  in  the  fluoric  or  hydrofluoric  acid.  This 
jpposed  base  has  been  called  fluorine  by  Sir  H.  Davy  ;  and 
More  (from  ^^f/a^,  destructive^)  by  M.  Ampere. 

981.  Fluor  spar  is  a  mineral  found  in  many  parts  of  the 
rorld,  but  in  great  beauty  and  abundance  in  England,  and 
specially  in  Derbyshire.  Here  it  is  commonly  called  Derby^ 
hire  spar^  or  by  the  miners  of  that  county  blue  John.  It  is 
sually  found  in  cubic  crystals,  which  may  easily  be  cleaved 
ito  octoedra,  sometimes  considered  as  its  primitive  form  (27). 
Ls  colours  are  extremely  various.  Its  specific  gravity  is  3,15. 
t  is  perfectly  tasteless  and  insoluble  in  water.  When  thrown 
1  powder  upon  a  plate  of  iron  heated  below  redness  in  a  dark 
lace,  it  emits  a  phosphorescent  light. 

Compact  fluor  is  a  scarce  variety :  the  finest  specimens 
}me  from  the  Uartz.     A  third  variety  is  chlorophane^  so  call- 
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ed  from  the  beautiful  pale  greea  Ugbt  which  it  exhibits  \vhe« 
heated. 

The  nature  of  the  colouring  matter  of  Buor  spar  is  not  exactly 
understood.  It  is  liable  to  fade,  and  the  blue  varieties  become 
red  and  brown  by  heal. 
it  eS2.  Hydrojltioric  acid  {hydrophtoric  of  Ampure)  is  pro- 
cured by  diiilillin^  a  mixture  of  one  part  of  the  purest  Suor 
■par  in  fine  powder,  with  two  of  sulphuric  acid  ;  sulphate  of 
lime  remains  in  the  retort,  and  a  highly  acrid  and  corrosive 
liquid  passes  over,  which  requires  the  assistance  of  ice  for  its 
condensation. 

Fig.  \Z2  represents  an  apparatus  for  the  rormation  of  tfait 
acid,  a  an  alembic  with  a  head,  fj'om  which  passes  the  Lube  I 
made  to  fit  the  neck  of  the  bottle  c ;  d'a  a  cover  which  may  be 
substituted  for  the  head  when  the  alembic  is  used  for  other  pur- 
poses, e  a  stopple  ground  to  fit  the  neck  of  the  bottle  c.  All 
the  parts  of  this  apparatus  should  be  made  of  pure  silver,  for 
glass  is  instantly  acted  upon.  The  alembic  may  be  of  the  capl- 
cily  of  16  fluid  ounces,  that  of  (he  head  and  tube  Z\  end  thai  o( 
the  receiver  3^  ounces.  With  an  apparatus  of  this  size,  abotrt 
two  ounces  of  pure  fluor  spar  and  four  ounces  of  sulphuric  acid 
may  be  employed.  These  materials  being  introduced  into  the 
alembic,  and  the  head  fitted  on,  it  should  he  placed  under  a  flue, 
the  bottle  or  receiver  being  surrounded  with  ice  and  rather 
loosely  connected  with  the  tube.  The  heat  required  is  not  con- 
siderable ;  a  few  live  coals  being  applied  beneath  the  alembic, 
the  acid  will  be  disengaged,  and  will  condense  ia  the  bottle. 
(S1LLI.UAN,  ,/lmer.  Jour,  of  Science t  vi.  355.) 

983.  This  acid  is  colourless,  of  a  very  pungent  smell  and  ex- 
tremely destructive.  If  applied  to  the  skin  it  inslaolly  kills 
the  part,  producing  extreme  pain,  and  extensive  ulceration. 
The  fumes  instantly  and  powerfully  corrode  glass,  and  the 
contact  of  them  with  the  skin,  or  lungs,  should  be  carefully 
avoided.  At  80°  this  acid  becomes  gaseous;  it  has  never 
been  frozen  ;  it  produces  white  fumes  when  exposed  to  a  moiat 
air,  and  occasions  a  hissing  noise  when  dropped  into  water. 

9S4.  This  acid  acts  upon  polas^tium  and  sodium,  and  some 
Other  metals  with  great  energy;  hydrogen  is  evolved,  and  a 
peculiar  compound,  probably  the  basis  of  the  acid,  and  the 
metal,  results.  These  compounds  might  be  called  Jluorides. 
The  principal  hydrojluaies,  or  Jluates,  have  becnesamined  by 
Gay-Lussac  and  Thenard.  {Recherches  Physico-chimiques.) 
They  have  not  been  analyzed,  but  if  we  adopt  the  number  17 
as  the  representative  of  the  acid,  considering  it  as  composed  of 
16  fluorine  +  ^  hydrogen,  it  is  probable  that  they  consist  of  one 
proportional  of  acid  and  one  of  base. 

965.  Hydro-fluoric  acid  has  been  used  for  the  purpose  of  etch- 
ing on  glass,  but  requires  to  be  diluted  with  three  or  four  parts  of 
water.  The  glass  should  be  covered  with  a  varnish,  preparwi 
by  melting  together  bees-wax  and   turpentine,  aad  surrounded 
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at  the  edge  by  a  rim  of  the  same.  The  varnish  is  then  to  be 
removed  wherever  it  is  desired  to  have  the  acid  act  upon  the 
giaBBy  as  in  the  usual  process  of  etching  on  copper.  An  appa- 
ntus  for  this  purpose  has  been  given  by  Mr  Knight.  Philos. 
Magazine f  xvii.  357. 

986.  Hydrofluate  of  Ammonia  is  not  crystallizable,  and  H^droflunte 
when  evaporated  loses  a  portion  of  alkali  and  becomes  sour  :  o^^'""'^'*'^ 
when  heated  it  rises  in  a  dense  white  vapour. 

987.  Hydrofluate  of  Potaasa  is  a  very  soluble,  deliquescent,  —ofPouwa. 
and  difScultly  crystal lizable  salt,  of  a  sharp  taste.     When  heated 

it  first  loses  its  water  of  crystallization,  then  fuses  (becoming 
fiuaride  qf  potassium?)  Sulphuric  acid  separates  the  hydro- 
fluoric. 

988.  Hydrofluate  of  Soda  has  less  taste,  and  is  less  soluble  —  of  sod«. 
than  the  preceding.     When  heated  it  decrepitates,  then  fuses. 

It  is  permanent  in  the  air,  and  separates  from  its  solution  in 
hot  water,  partly  as  a  transparent  pellicle  and  partly  in  crystals. 

989.  When  hydrofluoric  acid  is  poured  into  solutions  of  the 
salts  of  lime,  a  white  insoluble  powder  is  thrown  down,  which 
resembles  flaor  spar  in  its  chemical  properties,  and  must  there- 
fore he  considered  as  a  fluoride  of  calcium. 

990.  Fluoboric  Jlcid. — ^This  is  probably  a  compound  of  fluo-  Fiuoborie 
rine  with  boron,  and  if  regarded  as  consisting  of  one  proper-  ^'**' 
tional  of  each  of  its  components,  its  representative  number  will 

be  22,  and  it  will  contain  16  fluorine  +  6  boron.  It  is  gaseous, 
and  may  he  obtained  by  heating  in  a  glass  retort  twelve  parts 
of  sulphuric  acid,  with  a  mixture  of  one  part  of  fused  boracic 
acid,  and  two  of  floor  spar,  reduced  to  a  very  fine  powder. 
The  gas  must  be  received  over  mercury :  100  cubical  inches 
weigh  72,5  grains ;  so  that  the  specific  gravity  of  fluoboric  acid 
compared  with  hydrogen,  is  32,22,  and  with  atmospheric  air, 
2,400.*  It  produces  very  copious  fumes  when  sufiered  to 
escape  into  a  moist  atmosphere ;  when  acted  upon  by  water, 
which  dissolves  700  times  its  volume,  it  aflbrds  a  solution  of 
hydrofluoric  and  boracic  acids,  whence  it  would  seem  that  the 
hydrogen  is  transferred  to  the  fluorine,  and  the  oxygen  to  the 
boron.  It  acts  with  great  energy  on  vegetable  and  animal 
bodies,  depriving  them  of  moisture  and  hydrogen.  A  piece  of 
paper  introduced  into  fluoboric  gas  becomes  instantly  charred. 
Potassium  heated  in  this  gas  occasions  the  deposition  of  boron, 
and  the  production  of  fluoride  of  potassium,  which,  by  the  action 
of  water,  becomes  hydrofluate  of  potassa. 

991.  The  fluoboric  acid  combines  with  different  bases,  and  Finobomt*'*. 
produces  a  class  of  salts  which  have  been  called  fluoborates  ;  of 

these  the  fluoborate  of  ammonia  has  been  examined  by  Dr 
John  Davy.  {Philos.  Trans.  1812.)  It  appears  from  his  ex- 
periments that  the  fluoboric  acid  is  capable  of  condensing;  M!oces- 

•  specific  crsTitr  3^11         air  =  1  ) 
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sively,  one,  two,  and  three  volumes  of  ammonia.     The  first  is  a 
'  white  solid,  volatile  in  close  vessels  by  the  application  of  a  gen- 
tle heat.     The  two  other  compounds  are  liquid,  and  when  ex- 
posed to  the  atmosphere,  lose  ammonia  and  pass  into  the  first. 


Section  Y.    Barium. 
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992.  To  obtain  this  metal,  the  earth  baryta  is  negatively  elee- 
trized  in  contact  with  mercury ;  an  amalgam  is  gradually  fenn- 
ed  from  which  the  mercury  may  be  expelled  by  heat,  and  the 
metal  barium  remains ;  appearing,  according  to  Sir  H.  Davy,  of 
a  dark  grey  colour,  and  being  more  than  twice  as  heavy  ii 
water.  It  greedily  absorbs  oxygen,  and  burns  with  a.  deep  red 
light  when  gently  heated,  producing  oxide  of  barium. 

993.  Oxide  of  Barium^  BaryiOj  or  Barya^  is  obtained  by 
exposing  the  crystals  of  nitrate  of  baryta  for  some  time  to  t 
bright  red  heat.  It  may  also  be  obtained  by  deeomposiog  the 
native  carbonate  of  baryta.  Let  this  be  powdered,  and  pMsed 
through  a  fine  sieve.  Work  it  up  with  about  an  equal  balk  of 
wheaten  flour  into  a  ball,  adding  a  sufficient  quantity  of  water. 
Fill  a  crucible  of  proper  size,  about  one  third  its  height,  with  pow- 
dered charcoal ;  place  the  ball  on  this  ;  and  surround  and  cover 
it  with  the  same  powder,  so  as  to  prevent  its  coming  into  con- 
tact with  the  sides  of  the  crucible.  Lute  on  a  cover ;  and  ex- 
pose it,  for  two  hours,  to  the  most  violent  heat  that  cad  be  raised 
in  a  wind  furnace.  Let  the  ball  be  removed  when  cold.  On 
the  addition  of  water,  it  will  evolve  great  heat,  and  the  baryta 
will  be  dissolved.  The  filtered  solution,  on  cooling,  will  shoot 
into  beautiful  crystals. 

994.  Baryta  is  of  a  grey  colour,  and  very  difficult  effusion; 
it  appears  to  consist  of  70  barium -f  8  oxygen,  and  is,  conse- 
quently, represented  by  78.  Its  specific  gravity  is  about  4, 
hence  the  name  of  Baryta^  as  being  the  heaviest  of  the  snlh 
stances  usually  called  earths.  It  eagerly  absorbs  water,  heat  is 
evolved,  and  a  white  solid  is  formed,  containing  about  10  per 
cent,  of  water,  which  it  retains  at  a  red  heat ;  this  is  the  hydrate 
of  baryta  J  and  may  be  considered  as  a  compound  of  1  propor- 
tional of  baryta  =  78  +  1  proportional  of  water=  9,  and  is,  con- 
sequently, represented  by  87. 

995.  Hydrate  of  Baryta  dissolves  in  boiling  water,  and,  ai 
the  solution  cools,  deposits  flattened  hexagonal  prisms,  which 
contain  a  larccr  quantity  of  water,  and  are  easily  fusible.  Ac- 
cording to  Mr  Dalton,  crystallized  baryta  consists  of  1  propo^ 
tional  of  baryta,  and  20  of  water;  if  it  be  exposed  to  air  it 
effloresces  into  a  white  powder,  containing  1  proportional  of 
baryta  and  5  of  water;  it  appears  therefore  that  there  are  three 
hydrates  of  baryta.  {New  Cheni.  Phil,  ii.  528.)  The  aqueoai 
solution,  or  baryta  watery  is  limpid,  colourless,  and  acts  ener 
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on  vegetable  blues  and  yellows,  changing  them  to 
piaen  and  red  ;  it  rapidly  absorbs  carbonic  acid^  and  deposits  an 
insoluble  carbonate  of  baryta.  % 

996.  Pure  baryta  has  a  very  powerful  affinity  for  carbonic  ^f^^i^^  f„ 
icid.     Let  a  solution  of  pure  baryta  be  exposed  to  the  atmos-  carbomcacid. 
>here.     It  will  soon  be  covered  with  a  thin  white  pellicle; 
i^hichy  when  broken,  will  fall  to  the  bottom  of  the  vessel,  and 
le  succeeded  by   another.    This  may  be  continued,  till  the 
¥bole  of  the  baryta  is  separated.     The  effect  arises  from  the 
ibsorption  of  carbonic  acid,  which  is  always  diffused  through  ^ 
he  atmosphere,  and  which  forms  with    baryta,  a  substance, 
njiTm  carbonate  of  baryta,  much  less  soluble  than  the  pure  earth. 

Or  if  the  air  from  the  lungs  be  blown,  by  means  of  a  quill,  ^^ 
»r  tube,  through  a  solution  of  baryta,  the  solution  will  imme-    '^ 
liately  become  milky,  in  consequence  of  the  production  of  an 
n  soluble  carbonate.     The  same  effect  will  be  produced  by  min- 
gling with  a  solution  of  pure  baryta,  a  little  water,  impregnated 
i^ith  carbonic,  acid. 

997.  Baryta  has  so  strong  an  affinity  for  carbonic  acid  as  even         .  ^ 
o  take  it  from  other  bodies.     If  to  a  solution  of  a  small  portion  of  other  lod^? 
utrbonate  ojf  potassa,  of  soda,  or  of  ammonia  we  add  the  solution 
)f  baryta,  the  earth  will  detach  the  carbonic  acid  from  the  alkali, 
and  will  fiJl  down  in  the  state  of  a  carbonate.     By  adding  a 
sufficient  quantity  of  a  solution  of  baryta  in  hot  water,  the  i^p. 
whole  of  the  carbonic  acid  may  thus  be  removed  from  a  carbonated 
alkali ;  and  the  alkali  will  remain  perfectly  pure.     H.  1.  578. 

998.  As  baryta,  like  the  alkalies,  converts  vegetable  blues  to 
gieen,  aod  ierves  as  an  intermedium  between  oil  and  water,  it  ^^^. 
has  been  called  an  alkaline  earth.    It  has  a  very  acrid,  caustic 
taste,  and  is  highly  poisonous.     It  exists  in  two  natural  combi- 
nations only,  namely,  as  sulphate  and  carbonate. 

999.  When  baryta  is  heated  in  oxygen,  or  when  oxygen  is 
passed  over  baryta,  heated  to  redness  in  a  glass  tube,  the  gas  is 
absorbed  and  a  grey  compound  is  obtained,  which  is  iheperoX'  i'«»»''^*- 
ide  qf  barium;  consisting  of 

1  proportional  of  barium  70 +2  oxygen  16  =  86. 

1000.  By  dissolving  peroxide  of  barium  in  muriatic  acid,  and 
precipitating  by  sulphuric  acid,  M.  Thenard  succeeded'in  obtain-  JJJJ«M"}oi 
ine  a  new  and  singular  compound  of  oxygen  and  water,  to  which  obtainiiiff  v^ 

.®  .»°/».i  1  I'l  rr»i  t       .  ronde  of  by- 

the  term  peroxide  of  hydrogen  may  be  applied.  The  solution  arogen. 
of  .the  peroxide  of  barium,  and  the  subsequent  separation  of  tlie 
protoxide  is  repeated  a  sufficient  number  of  times,  in  the  same 
portion  of  dilute  muriatic  acid ;  sulphate  of  silver  is  then  added 
to  separate  the  muriatic  acid,  and  the  sulphuric,  which  then 
becomes  its  substitute,  is  ultimately  removed  by  baryta.  M. 
Thenard,  in  his  elaborate  essay  upon  this  new  compound,  has 
shown  that  the  process,  although  in  theory  sufficiently  simple, 
presents  many  practical  difficulties,  chiefly  arising  from  the 
impurities  contained  in  the  peroxide  of  barium.     To  obtain  this 
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substance  pure,  upon  which  the  success  of  the  subsequent  open^ 
lions  depends,  he  gives  the  following  directions.  Prepare  a 
very  pure  nitrate  of  baryta,  and  decompose  it  by  a  strons;  heat 
in  a  porcelain  vessel,  by  which  barj'ta,  containing  a  portion  o( 
silica  and  alumina,  but  free  from  manganese,  will  be  obtained ; 
the  latter  impurity  must  always  be  most  cautiously  avoided,  for 
oxide  of  manganese  possesses  the  property  of  energetically  de- 
composing the  oxygenated  water. 

The  baryta,  broken  into  small  pieces,  is  then  introduced  into 
a  luled  glass  tube  [the  glass  should  not  contain  lead)  large  enon^ 
to  contain  about  two  pounds  of  it,  and  being  heated  to  dull  red- 
ness, a  current  of  dry  and  perfectly  pure  oxygen  gas  is  passeil 
through  it  which  it  rapidly  absorbs ;  ibis  operation  is  to  be  con- 
tinued till  the  oxygen  escapes  from  a  small  tube  inserted  into 
the  opposite  extremity  of  the  larger  one. 

The  peroxide  Ihus  obtained  is  pale  grey,  and  fre<^uently  some 
pieces  are  speckled  with  green,  whicli  announces  the  preswice 
of  manganese,  and  which  should  be  rejected:  its  distinctin 
character  is,  that  it  crumbles  when  a  few  drops  of  water  itB 
added  to  it  without  producing  heat. 

The  process  then  proceeds  as  follows.  Take  a  certain  quin- 
lity  of  water  (about  eight  ounces  for  instance),  and  add  to  it  t 
sufficiency  of  pure  and  fuming  muriatic  acid  to  dissolve  about 
230  grains  of  baryta;  put  this  acid  liquor  into  a  glass  vessel, 
which  during  the  operation  must  be  surrounded  by  ice:  thea 
take  about  185  grains  of  the  peroxide,  rub  it  into  a  fine  paala 
wilh  a  little  water  in  an  agate  mortar,  and  put  it  into  the  acid 
liquor  with  a  box-wood  spatula  ;  it  soon  dissolves  without  efle^ 
vescence  :  to  this  solution  add  pure  sulphuric  acid  drop  by  drop, 
stirring  it  with  a  glass  rod,  till  it  is  in  slight  excess,  which  ts 
known  by  the  readiness  with  which  tbo  sulphate  falls  :  Uien 
dissolve  a  second  portion  of  ibe  deuloxide  and  precipiUle  as 
before,  taking  care  to  use  enough  but  not  too  much  sulphuric 
acid.  The  liquor  is  now  to  be  filtered,  and  the  residue  washed 
with  a  little  water,  so  as  to  keep  up  the  original  measure  hy 
adding  it  to  the  first  portion  :  a  second  and  third  washing  of  t)v> 
residue  with  very  small  quanlilies  of  water  may  be  advisable, 
and  these  liquors  should  be  kept  apart  for  the  purpose  of  wash- 
ing the  filters  in  subsequent  operations. 

A  fresh  portion  of  the  peroxide  is  then  dissolved  in  the  filtra- 
ted liquor  and  decomposed  as  before,  filtering  at  every  two  opera- 
tions and  washing  the  filter  with  the  savings  of  the  others. 
We  thus  proceed  till  the  water  is  suiBciently  oxygenated  :  when 
about  two  pounds  of  the  peroxide  have  been  consumed  the 
water  will  be  united  to  about  thirty  times  its  volume  of  oxygeo, 
which  is  as  much  as  it  will  retain,  unless  some  muriatic  acid 
be  added,  in  which  case  M.  Thenard  has  made  it  retain  125 
volumes. 

When  the  water  is  sufficiently  oxygenated,  it  is  retained  in 
the  ice,  and  supersaturated  with  the  peroxide  of  barium,  whick 
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oeeasions  the  separation  of  flocculi  of  silica  and  alumina,  colour- 
ed with  a  little  oxide  of  iron  and  of  manganese  ;  the  whole  is 
then  filtered  as  quickly  as  possible,  and  returned  into  the  vessel 
surrounded  by  ice,  the  baryta  is  separated  by  sulphuric  acid,  and 
pare  sulphate  of  silver  is  added  to  separate  the  muriatic  acid, 
vpon  w^hich  the  liquid,  before  milky,  becomes  suddenly  clear. 
The  sulphuric  acid  is  ultimately  separated  by  baryta,  the  liquor 
filtered  and  placed  in  a  shallow  vessel,  under  the  air-pump 
receiver,  containing  a  basin  of  sulphuric  acid ;  the  receiver  be- 
ing exhausted,  the  water  evaporates  and  is  absorbed  by  the  acid, 
while  the  peroxide  of  hydrogen  being  less  vaporisable  remains  ; 
if  it  give  out  any  oxygen,  which  sometimes  happens  from  its 
containing  impurities,  a  drop  or  two  of  weak  sulphuric  acid  pre- 
vents its  further  evolution. 

The  peroxide  of  hydrogen  thus  concentrated  has  the  follow- 
ing properties ;  its  specific  gravity  is  1,45;  it  is  colourless  and 
inodorous  ;  it  blisters  the  cuticle  of  the  tongue,  and  has  a  pecu- 
liar metallic  taste.     It  does  not  congeal  when  exposed  to  cold, 
unless  diluted.     It  is  rapidly  decomposed  at  a  heat  below  212^, 
and  very  slowly  at  ordinary  temperatures ;  it  may  be  long  kept 
at  32^.     It  is  decomposed  by  the  pile  with  the  same  phaenomena 
as  water.     It  is  decomposed  by  all  metals  except  iron,  tin,  anti- 
mony, and  tellurium :  the '  metals  should  be  finely  divided,  or 
in  powder:  silver  and  oxide  of  silver  decompose  it  very  sud- 
denly with  the  evolution  of  heat  and  light ;  platinum  and  gold 
produce  the  same  phaenomena ;  lead  and  mercury  slowly  sepa- 
rate the  oxygen.     Orpiment  and  powdered  sulphuret  of  molyb- 
denum act  upon  it  with  the  same  violence  as  silver ;  the  perox- 
ides of  manganese  and  of  lead,  also,  occasion  its  instant  decom- 
position.     Trait i  de  Chim.  ii.  41. 

1001.  Chloride  of  Barium  may  be  obtained  by  heating  baryta  f^hionde  of 
in  chlorine,  in  which  case  oxygen  is  evolved :  or  more  easily,  Bwium. 
by  dissolving  carbonate  of  baryta  in  diluted  muriatic  acid.     The 

iron  and  lead,  which  are  occasionally  dissolved,  along  with  the 
baryta,  may  be  separated  by  the  addition  of  a  small  quantity  of 
liquid  ammonia,  or  by  boiling  and  stirring  the  solution  in  con- 
tact with  a  little  lime ;  or  which  is  still  better,  by  solution  of 
baryta  in  water.  When  filtered  and  evaporated,  the  solution 
yields  regular  crystals,  which  have  most  commonly  the  shape 
of  tables,  or  of  eight-sided  pyramids  applied  base  to  base. 

1002.  These  crystals  dissolve  in  five  parts  of  water,  at  60°,  or  ProrcrUes. 
in  a  still  smaller  quantity  of  boiling  water,  and  also  in  alcohol. 
They  are  not  altered  by  exposure  to  the  atmosphere  ;  nor  are 

they  decomposed,  except  partially,  by  a  high  temperature.  The 
sulphuric  acid  separates  the  muriatic ;  and  the  salt  is  also  decom- 
posed by  alkaline  carbonates  and  sulphates. 

1003.  The  dry  salt  Sir  H.  Davy  considers  as  a  compound  of  1  composiuoa. 
atom   of  barium  =  70  -|- 1  atom  chlorine  =  36,  hence  its  repre- 
sentative number  is  106  ;  and  it  consists  of  chlorine  34,  barium 
66=100.     H.  1.  575.      The   taste  of  chloride  of  barium   is 
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pungent  and  acrid  ;  when  exposed  to  heat, 'the  water  of  crystal- 
lization separates,  and  the  dry  chloride  enters  into  fusion. 
riiioraie  of        1004.  CMoratt  of  Baryta. — To  prepare  this  salt,  chlorine 
Burjru.        gas  must  be  received  into  a  warm  solution  of  baryta  in  watCTi 
till  the  baryta  is  saturated.     The  solution  is  to  be  filteredf  and 
boiled  with  phosphate  of  silver,  which  decomposes  the  cominoii 
muriate  of  baryta,  and  at  the  same  time  composes  two  inioluUe 
salts,  phosphate  of  baryta  and  chloride  of  silver.     Vaaquelifl 
finds  the  addition  of  acetic  acid  recommended  by  CheneviXi 
objectionable,  and  that  the  compounds  of  chloric  acid  are  liaUs^ 
if  acetic  acid  has  been  employed,  to  detonate  violently  when 
Iieated.     To  judge  when  enough  of  the  phosphate  of  silver  hii 
been  used,  add  to  a  portion  of  the  filtered  liquor,  a  few  drops  of 
nitrate  of  silver,  which,  in  that  case,  oughb  not  to  disturb  its 
transparency.     If  too  much  phosphate  of  silver  lias  been  used| 
a  drop  or  two  of  muriatic  acid  will  discover  it,  and,  in  that  caa^ 
the  cautious  addition  must  be  made  of  some  of  the  original  sob- 
tion,  set  a  part  for  the  purpose,  to  which  no  phosphate  of  silver 
has  been  added.     It  is  from  solution  of  chlorate  of  barytJi  thui 
carefully  prepared,  that  chloric  acid  is  obtained  by  the  interven- 
tion of  sulphuric  acid  (295.)     U.  1.  576.     It  crystallises  in 
quadrangular  prisms,  soluble  in  four  parts  of  waterj  at  60°',  and 
consists  of 

1  proportional  of  baryta  78^  +  1  prop,  chloric  acid  76  k  154. 

Its  solution,  when  pure,  is  not  precipitated  by  nitrate  of  silTer 
or  muriatic  acid.* 

1005.  lodate  of  Baryta  may  be  formed  by  adding  iodine  to 

loute.         solution  of  baryta,  from  which  the  iodate  precipitates  in  the 

state  of  a  white  powder,  and  may  be  edulcorated   by  washiif 

wiili  distilled  water.     When  strongly  heated  it  evolves  oxygen 

and  iodine,  and  baryta  remains.     It  consists  of 

100  acid -f  46,34  base. 

Kitmte.  1006.  Nitrate  of  Baryta  may  be  prepared  by  dissolviog 

tlie  native  carbonate  in  nitric  acid,  evaporating  to  dryness, 
re-dissolving,  and  crystallizing ;  it  forms  permanent  octoednl 
crystals.!  Its  taste  is  acrid  and  astringent.  It  is  soluble  in  13 
parts  of  cold  and  4  of  boiling  water ;  it  is  decomposed  by  t 
bright  red  heat,  furnishing  pure  baryta.  It  consists  of  78  barjti 
+  54  nitric  acid  =  133. 

The  crystals  contain  two  proportionals  of  water,  or  132  dry 
nitrate  +  18  water. 

If  a  moderately  strong  solution  of  the  nitrate  of  baryta  bo 
added  to  nitric  acid,  a  precipitation  of  nitrate  of  baryta  takes 
place,  in  consequence  of  the  abstraction  of  water  by  the  acid; 

*  lodidt  of  B'lrmm  is  easily  furmed  bj  acting  upon  barjte  by  hydriodic  acid,  and  trfVfonJa»%^ 
sol!ition.     It  may  also  be  fonued  by  heatinf  barytm  io  bydriodic  gas;  waUr  and  iodida of  baritf 

nrtr  the  rr»iiUs. 

tif  thf  aiiiticiAl  carbonat?  be  employed,  it  should  be  preriously  well  washed  with  diitiUed  watrr. 
till  the  wii«bin«>v  rraaeto  precipitate  nitrate  of  silver.  A  folotioo  of  nitrate  of  baiyta  nixed  vilb  o^ 
«f  nitraf'  d  continue  perfectly  trans^'arent.    H. 
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enca  in  using  nitrate  of  barjrta  as  a  test  of  the  presence  of 
ill^uric  acid  in  nitric  acid,  (437)  the  laltcr  should  be  considera- 
ly  diluted  previous  to  its  application.* 

1CX>7.  Hyposulphite  of  Baryta. — This  salt  is  thrown  down  nypowi- 
B  pouring  muriate  of  baryta  into  a  solution,  not  too  dilute,  of  ^^"^*' 
jrpoBulphite  of  lime  ;  it  is  a  white  powder  soluble  without  de- 
impoeition  in  muriatic  acid  ;  at  a  low  heat  it  takes  fire  and  the 
ilphur  bums  off.  When  the  solutions  from  which  it  isprecipi- 
ited  are  dilate,  it  falls,  after  some  minutes,  in  small  crystalline 
rains,  followed  by  a  copious  separation  of  the  salt — Herschel, 
^din.  Fhilos.  Journal^  i.  20. 

lOOS.  Sufyhite  of  Baryta  is  insoluble  in  water,  and  formed  sulphite. 
y  adding  sulphite  of  potassa  to  muriate  of  baryta. 

1009.  When  sulphurous  acid  gas  is  passed  into  water  holding 
lerozide  of  manganese  in  suspension,  a  neutral  solution  is  ob- 
ained,  composed  of  sulphate  and  hyposulphate  of  manganese. 
L^heae  aalts  are  decomposed  by  excess  of  baryta,  and  a  soluble 
iyptfsulphate  of  baryta  is  formed,  through  which  carbonic  acid  Hypotui- 
s  passed,  in  order  to  saturate  any  excess  of  baryta ;  and  the  pb«t«. 
rhole  being  heated  to  drive  off  carbonic  acid,  which  holds  a  little 
>f  the  earbonate  m  solution,  the  hyposulphate  oi*  baryta  is  obtain- 
ed, and  may  be  purified  by  crystallization.  The  solution  of  this 
(alt  may  be  decomposed  by  the  careful  addition  of  sulphuric 
icid,  and  the  hyposulphuric  acid  is  thus  obtained  in  solution. 

1010.  This  acid  is  inodorous,  sour,  and  may  be  concentrated 
)y  exposure  to  a  vacuum  with  sulphuric  acid  :  it  is  decomposed 
>y  a  heat  below  that  of  boiling  water,  sulphurous  acid  is  disen- 
^^ed,  and  sulphuric  acid  remains.  It  perfectly  saturates  bases, 
.nd  forms  soluble  salts  with  baryta,  strontia,  lime,  oxide  of  l^ad, 
.nd  probably  with  all  other  bases.  {Annates  de  Chim.  et  Phya. 
I.  312.)  The  hyposulphate  of  baryta  crystallizes  in  quadrans;u- 
ar  prisms  variously  terminated  ;  100  parts  of  water  at  60®  dis- 

olve  about  14  parts.     It  consists  of  ompoMHon. 

1  proportional  of  baryta :=  78 

1  ' hyposulphuric  acid    .      :=  7 J 

2 water  9X2      .     .     .    =  18 

168 

Or  it  may  be  stated  as  comprising  in  its  dry  state 

1   baryta =:  78 

iT.-.«^»i.,k...:»  ^^lA  f  J  sulphuric  acid         =  40 
Hypculphuric  acid  ^  ^  J^y,^,^^,  ^^     =J2 

150 

1011.  Sulphate  of  Baryta  is  zn  ^hMXi^dJii  natural  product; 
t  is  insoluble  and  therefore  produced  whenever  sulphuric  acid 
^r  a  soluble  sulphate,  is  added  to  any  soluble  salt  of  baryta ; 
lence  the  solutions  of  baryta  are  accurate  tests  of  the  pi^esence  ^"^i^'*'* 
•yi  sulphuric  acid.  Sulphate  of  baryta  consists  of  one  propor- 
tional of  sulphuric  acid  and  one  of  baryta. 

40  sulphuric  acid  +  78  baryta  =£  118. 

*S*ipkurtt  of  Btrhim  is  •  brown  compoiwd,  which  acts  npoa  water  as  alrra*!?  d«icribed. 
>rodacio;  kydrosulphurtt  of  har^tit. 


c  =:?.'; 
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lOl'i.  Native  Sulphate  of  Baryta,  Heavy  Sjtar,  or  Bai-ose- 
lenite,  is  principally  found  in  ihe  mines  of  Westmoreiand  and 
Cumberland,  and  in  Transylvania,  Huiiji^ary,  Saxony,  and  Hanu- 
ver.  A  variety  met  with  in  Derbyshire,  is  called  cawk.  Il 
occurs  massive,  and  crystallized  in  a  great  variety  of  forms,  lis 
primitive  figure  is  a  rhomboidal  prism,  the  angles  of  which  are 
101°  42',  and  7S^  IS'.  It  is  harder  than  carbonate  of  lime,  but 
not  so  hard  as  fluate  of  lime.     Its  specific  gravity  is  4,7. 

When  native  sulphate  of  baryta  is  heated  it  decrepitates,  and 
at  a  high  temperature,  fuses  into  an  opaque  white  enamel :  it 
was  employed  in  the  manufacture  oi  jasper  ware  by  the  Itle 
Mr  Wedgwood.  When  heated  to  redness,  it  acquires  the  prop- 
erty of  phosphorescence.  This  was  first  ascertained  by  Vin- 
cenzo  Cascariolo,  of  Bologna,  whence  the  term  Bologna pboi- 
phorus  is  applied  to  it.*  This  kind  of  phosphorus,  after  beiH 
exposed  for  a  few  minutes  to  the  sun's  rays,  shines  in  thedarll 
sufficiently  to  render  visible  the  dial  of  a  watch.  Thisp^ope^ 
ly  is  lost  by  repealed  use,  in  consequence  of  the  oxy^nation 
of  the  sulphur  ;  but  it  may  be  restored  by  a  second  calcination. 

The  artificial  sulphate  of  baryta  is  used  as  a  pigment,  under 
the  name  of  permanent  while.  It  is  very  useful  for  marking 
phials  and  jars  in  a  laboratory.  Sulphate  of  baryta  is  sparingly 
soluble  in  sulphuric  acid. 

1013.  As  the  native  sulphate  is  a  common  and  abundant 
compound,  several  processes  have  been  contrived  for  obtaininf 
from  it  pure  baryta.  This  may  he  effected  by  reducing  the 
crystallized  sulphate  to  a  line  powder,  and  healing  it  red  hot 
for  half  an  hour  in  a  silver  crucible  with  three  parts  of  carbo- 
nate of  potassa,t  the  fused  mass  is  then  boiled  repeatedly  a 
water,  till  it  no  longer  alTords  any  thing  soluble  in  that  liquid; 
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the  insoluble  residue,  consisting  chiefly  of  carbonate  of  baryta^ 
may  be  digested  in  dilute  nitric  acid,  by  which  nitrate  of  baryta 
is  formed,  and  which  will  yield  the  pure  earth  by  exposure  to 
heat.  The  following  method  has  been  recommended  by  Dr 
Henry.  The  sulphate  of  baryta  is  to  be  finely  powdered,  jj^^  ,^ 
mixed  with  three  or  four  times  its  weight  of  carbonate  of  potassa,  ceu7  *  ^^ 
and  iMiiled  with  a  proper  quantity  of  water  for  a  considerable 
time,  in  an  iron  kettle,  stirring  it,  and  breaking  down  the  hard 
Iiunpsy  into  which  it  is  apt  to  run,  by  an  iron  pestle.  It  is 
then  to  be  washed  with  boiling  water,  as  long  as  this  acquires 
Miy  taste.  On  the  addition  of  dilute  muriatic  acid,  a  violent 
afifeireicenee  will  ensue,  and  a  considerable  portion  of  the  earth, 
probably  along  with  some  metals,  will  be  dissolved.  To  the 
saturated  solution,  add  solution  of  pure  baryta  in  water,  as  lon^ 
as  it  disturbs  the  transparency  of  the  liquor.  This  will  throw 
down  any  metals  that  may  be  present ;  and  the  excess  of  baryta 
may  afterwards  be  precipitated  in  the  state  of  a  carbonate,  by  a 
stream  of  carbonic  acid.  Decompose  the  muriatic  solution  by 
any  alkaline  carbonate ;  let  the  precipitated  earth  be  well  wash- 
ed with  distilled  water;  and  if  the  pure  baryta  is  to  be  obtained 
from  it^  let  it  be  treated  as  directed  pa^  272. 

Another  method  consists  in  ezposmg  to  a  red  heat,  in  an  Aaothtn 
earthea  erueible,  a  mixture  of  six  parts  of  finely  powdered  sul- 
phate pf  baryta,  with  one  of  powdered  charcoal,  for  half  an 
hour.  This  converts  the  sulphate  into  sulphuret  of  baryta, 
which  is  to  be  dissolved  in  hot  water,  the  solution  filtered  and 
mixed  with  solution  of  carbonate  of  soda  as  long  as  it  occasions 
a  preeipitate,  which  when  washed  and  dried,  is  carbonate  of 
baryta.  Or,  by  adding  muriatic  acid  to  the  liquid  sulphuret, 
sulphur  is  thrown  down  and  sulphuretted  hydrogen  evolved, 
and  muriate  of  baryta  formed,  which  may  be  filtered  ofl*,  and  if 
required,  decomposed  by  carbonate  of  potassa.  Or  the  sulphu- 
ret, as  it  comes  out  of  the  crucible,  may  be  thrown  into  dilute 
nitric  acidi  by  which  sulphuretted  hydrogen  is  evolved,  and  a 
nitrate  of  baryta  formed,  which  may  be  separated  from  the 
remaining  impurities  by  copious  washings  with  hot  water. 

1014.  Phasphuret  of  Barium  is  produced  by  passing  phos^Tbotphmt. 
phorus  over  heated  baryta ;  there  is  an  intense  action  and  a 
phosphuret  of  a  metallic  lustre  is  obtained,  which  acts  upon 
water,  and  affords  a  solution  containing  Hypapho^hite  cf  Ba-- 

ryia. — See  (598)."^ 

1015.  Phosphite  cf  Baryta  was  obtained  by  Berzelius  by  Pboq»ut».. 
adding  muriate  of  baryta  to  phosphite  of  ammonia;  a  crust  of 
phosphite  of  baryta  was  formed  in  24  hours,  consisting  of 

Phosphorous  acid    24,31 

BaryU 67,24 

Water 8,45t 

•  B^popJkotpkiU  of  Baryta,  like  the  other  hrpopboiphiteff,  if  verj  solnble  mnd  Karcf-lx  crjtta^. 

Uufele. 
t  .inn.  d»  Ckim,  el  Pkyt.  ii.  «I. 
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lom.  Pho.iphale  of  Baryta  consists  of 
38  phosphoric  acid 
78     baryla 

lOG 

It  is  insoluble  in  water;  and,  therefore,  formed  by  addi 
solution  of  phosphoiic  acid  or  phosphate  of  soda  to  Ditrateop' 
muriate  of  baryta. 

Berzelius  has  described  a  crystallizable  Bt-phospfuzle  0/ 
Baryta,  obtained  by  di^sting  the  phosphate  in  phosphoric  acid; 
and  a  Sesqtti-phosphaie,  obtained  by  pouring  the  bi-phosphile 
into  alcohol,  which  occasions  a  precipitate  of  a  while  tasteless 
powder  composed  of  I  proportional  of  baryta -fl, 5  proportJoul 
of  acid. 

1017.  Carbonate  of  Baryta  is  found  native.  Arlifidil); 
produced,  it  is  a  white  compound  insoluble  in  water,  eo^ 
taining 

32  carbonic  acid+78  baryta  =  100. 

It  is  poisonous. 

lOlS.  Native  carbonate  of  baryta  was  first  dlscoTered  it 
Anglcsark,  in  Lancashire,  by  Dr  Withering,  and  hence  atqmr- 
cd  the  name  of  H'ilherite.  Its  primitive  crystal  is  aa  obtuse 
rhomboid :  sometimes  it  forms  pyramidal  six-sided  prismi. 
It  is  useful  as  a  source  of  pure  baryta  and  its  salts,  and  though 
not  soluble  in  water,  is  poisonous.  It  dissolves  very  sparingly 
in  solution  of  carbonic  acid,  whence  the  superiority  of  birytt 
water  to  lime  water  in  some  cases  as  a  test  of  carbonic  acid. 
The  native  carbonate  of  baryta  is  much  more  difficult  of  decom- 
position by  heat  than  the  arlliicial ;  if  mixed  with  a  little  char- 
coal powder,  and  kept  for  some  time  in  a  red  heat,  carboDi^ 
oxide  escapes,  and  pure  baryta  is  formed. 

1019.  Sekniate  of  Baryta.  Selenic  acid  is  capable  of  unit- 
ing with  baryta  in  two  proportions.  The  neutral  salt,  which 
is  insoluble,  consists  of  100  acid  -|-  137,7  base  ;  the  biseleniatt 
which  crystallizes  in  roiind  transparent  grains,  and  ta  soluble 
in  water,  is  composed  of  100  acid  +  68  base.'    - 

1020.  FerrO'Cyanate  of  Baryta  may  be  formed  by  adding 
prussian  blue  to  a  healed  solution  of  baryta  in  water,  till  it 
ceases  to  be  discoloured.  The  filtered  solution  deposits  yellow- 
ish crystals,  which  have  tlie  figure  of  rbomboidal  prisms,  ind 
are  soluble  in  1920  parts  of  cold,  or  100  parls  of  boiling,  water. 
They  dissolve  in  nitric  and  muriatic  acids.  It  consists  of  1 
proportional  of  acid  54  +  1  of  base  =  7S-j-2  water  18  =  150. 
H.  1.  584. 

1021.  The  soluble  barytic  salts  furnish  white  precipitates  of 
carbonate  and  sulphate  of  baryta,  upon  the  addition  of  carbonalB 
or  sulphate  of  soda.  They  give  a  yellow  tinge  to  the  flame 
of  spirit  of  wine.  The  sulphate  is  insoluble  in  nitric  acid  and 
in  the  alkalies,  and  very  sparingly  soluble  in  sulphuric  acid. 


STRONTIUM. 

Nearly  all  the  barytic  compounds  are  poisonous  ;  the  safest 
Dtidote  is  solution  of  sulphate  of  soda,  or  dilute  sulphuric  acid. 
)&ni.A.  TVaiii  des  Poisons^  Tom.  i.  2me.  p.  167.)  The 
lariate  of  baryta  has  been  employed  in  medicine,  but  the  prin- 
ipal  uae  of  baryta  is  in  the  chemical  laboratory.  It  is  possible 
lat  pare  baryta  might  be  economically  used  for  the  decompo- 
Uon  of  sulphate  of  soda,  to  obtain  the  pure  alkali. 


Section  VI.    Strontium. 

1083.  This  metal  is  procure^  from  the  earth  strontia  by  the 
ime  process  as  barium,  which  metal  it  resembles  in  appear- 


1093.  Oxide  of  Strontium,  or  the  earth  Strontia,  is  so  strootia, 
ailed  from  Strontian  in  Scotland,  where  it  was  first  discovered 
1  combination  with  carbonic  acid.  It  may  be  prepared  either  howpbuiMa. 
y  sabjecting  the  carbonate  to  a  strong  heat  in  a  crucible,  or  by 
piling  the  nitrate  in  a  porcelain  retort  or  other  close  vessel. 
L  grey  substance  remains  which  becomes  very  hot  on  the  afiu- 
ion  of  water;  and  when  more  water  is  added  and  heat  applied, 

conaiderable  proportion  of  tlie  earth  is  dissolved.  On  cooling, 
he  solution  deposits  regular  crystals  :  but  the  shape  of  these 
lififers  considerably  from  that  of  barytic  crystals.  The  crystals 
»f  strontia  aire  thin  quadrangular  plates,  sometimes  square, 
ilener  parallelograms.  Sometimes  they  assume  a  cubic  form. 
L  I.  685. 

1024.  According  to  Prof.  Brande,  Strontia  consists  of  1  pro-  composition. 
lortional  Strontium  47+1  oxygen  8  =  55.     Sir  H.  Davy,  from 
ndirect  experiments  is  disposed  to  regard  it  as  composed  of 
bout  86  strontium -f  14  oxygen  in  100  parts. 

1095.  Pure  strontia  has  a  pungent,  acrid  taste,  and  when  pow-  PropMtMt. 
lered  in  a  mortar,  the  dust  that  rises  irritates  the  lungs  and 
lostriis.  Its  specific  gravity  approaches  that  of  baryta.  It  re- 
[Qires  rather  more  than  160  parts  of  water  at  60^  to  dissolve 
t;  but  of  boiling  water  much  less.  On  cooling  the  crystals 
eparate. 

1026.  The  crystals  of  strontia  give  a  blcod  red  colour  to  the 
lame  of  burning  charcoal.  The  solution  of  strontia  changes  the 
vegetable  blues  to  a  green.     U.  722. 

1027.  Strontia  does  not  combine  with  alkalies.  Baryta  has 
lo  affinity  for  it,  for  no  precipitation  ensues  on  mixing  the 
vatery  solutions  of  the  two  earths.     H. 

1028.  Chloride  of  Strontium  may  be  formed  either  by 
leating  strontia  in  chlorine  gas  which  disengages  oxygen ;  or  chionde. 
y  dissolving  carbonate  of  strontia  in  muriatic  acid  and  cvapo- 
ating  to  dryness.     It  consists  of  I  proportional  strontium  47-f- 

of  chlorine  36  =  83. 
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XariAte. 


Chlorate. 


Iodide. 


Xatnte. 


Sulphont  of 
Strontium. 


Iljpotul- 
pbite  of 
Strootia. 


Sulphate. 


1029.  The  chloride  may  be  converted  into  muriate  by  the  ^ 
action  of  water.  It  crystallizes  in  lonp^,  slender  hexagonal 
prisms^  which  are  soluble  in  two  parts  of  water  at  60^  and  to 
almost  any  amount  in  boiling  water.  In  a  very  moist  atmos- 
phere they  deliquiate.  They  dissolve  in  alcohol  and  commani- 
cate  to  its  flame  a  blood  red  colour. 

1030.  Chlorate  of  Strontia  may  be  obtained  by  the  direct 
action  of  chloric  acid  on  carbonate  of  strontia.  It  is  a  deliques- 
cent salt,  having  an  astringent  taste.  It  detonates  when  throwo 
upon  red-hot  coals  with  a  beautiful  purple  light. 

1031.  Iodide  of  Strontium  may  be  formed  as  iodide  of  bari- 
um (p.  268).  Dissolved  in  water,  and  carefully  evaporated,  it 
furnishes  delicate  prismatic  crystals  of  Hydriodateqf  StrarUiaf 
which,  heated  in  close  vessels,  fuses,  and  becomes  iodide  of 
strontium  by  loss  of  water.* 

1032.  Nitrate  of  Strontia  may  be  obtained  in  the  same  man- 
ner as  the  nitrate  of  baryta ;  it  crystallizes  in  octoedra  and 
dodecaedra,  and  is  soluble  in  its  weight  of  water  at  60^.  Ezcla- 
sive  of  water,  this  salt  consists,  according  to  Richter  of  51,4 
acid -1-48,6  base:  or  according  to  Stromeyer  of  M^ft  acid  -|- 
49,38.  base.  The  proportions  deducible  from  the  weights  of  the 
atoms  of  its  ingredients  are  51  acid  -f  49  baset.     H*  !•  588. 

1033.  Its  taste  is  pungent  and  cooling.  At  a  red  heat  the 
acid  is  evolved  and  partly  decomposed,  and  pure  strontia  re- 
mains.} 

1034.  Sulphuret  of  Strontium  may  be  formed  by  fusing 
strontia  and  sulpliur  in  a  green  glass  tube ;  or  by  exposing  the 
powdered  sulphate  to  a  red  heat  with  charcoal.  It  dissolves  in 
water  with  the  same  phenomena  as  sulphuret  of  potassa,  and  its 
solution  furnishes,  by  cautious  evaporation,  crystals  othydroeiuU 
phuret  of  strontia, 

1035.  Hyposulphite  of  Strontia  \s  formed  by  passing  sul- 
phurous acid  into  the  liquid  sulphuret :  it  crystallizes  in  rhom- 
boids permanent  at  common  temperatures  and  soluble  in  about 
5  parts  of  water  at  60^.  (Gay-Lussac,  Annates  de  Chimkf 
Ixxxv.)  According  to  Mr  Herschel,  this  salt  is  doubly  refrae- 
tive.  Its  taste  is  bitter,  and  it  is  insoluble  in  alcohol.  Swlr 
phite  of  Strontia  has  not  been  examined. 

1036.  Sulphate  of  Strontia  occurs  native.     It  is  nearly  in* 
soluble,  1  part  requiring  4000  of  water  for  its  solution.     (3840 
boiling,  H.)     When  heated  with  charcoal,  its  acid  is  decom-  I 
posed,  and   sulphuret  of  strontia  is  formed,  which   affords 
nitrate  by  the  action  of  nitric  acid.    This  process  equally  pnc- 

*  lodatt  of  Strontia  if  a  very  difficultly  soluble  compounil ;  it  u  resolved  at  e  red  beet  iaie  •■fT' 
iodine  and  itrontia. 

t  63  itrontia-f-64  nitric  acid  ^  106.    Brand; 

X  Thii  salt  it  used  in  the  rtifirt  employed  at  the  theatres,  which  consists  of  40  parti  of  dry  ■>•* 
of  strontia,  13  powdered  sulphur,  6  of  chlorate  of  polassa,  and  A  of  sulphuret  of  aatinooy.  The  eUr 
rate  and  sulphuret  should  be  separately  powdered,  and  miied  to|^ther  on  paper  with  the  other  'w^ 
dicnts;  a  very  small  quantity  of  pcRirdcred  charcosJmay  alio  bo  added. 
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upon  sulphate  of  baryta  (1013),  is  sometimes  adopted  to 
obtain  the  earth.  Sulphate  of  strootia  dissolves  in  hot  fililphuric 
acidj  but  is  thrown  down  upon  adding  water.     It  consists  of 

55  Strontia 

40  Acid 

95*     (B.) 

1037.  The  Native  Sulphate  of  Strontia  is  sometimes  of  a 
blue  tint,  and  has  hence  been  called  celesiine.  Sometimes  it  is  ^*^^' 
colourless  and  transparent  Its  primitive  form  is  a  prism  of 
104^  48'  and  75^  42'  with  a  rhomboidal  basis.  Fine  crystal- 
lized specimens  are  accompanied  with  native  sulphur,  from 
Sicily. 

Magnificent  crystals  are  found  on  Strontian  Island  in  Lake 
Erie.t  %     Its  specific  gravity  is  3,2. 

1038.  Phosphate  of  Strontia  may  be  formed   by  mixing  p^    ^^ 
solutions  of  muriate  of  strontia  and  phosphate  of  soda.     It  is     ^^ 
insoluble  in  water,  but  soluble  in  an  excess  of  phosphoric  acid 
(which  is  not  the  case  with  phosphate  of  baryta);  it  is  fusible 

by  the  blow-pipe  into  a  white  enamel,  and  decomposable  by 
sulphuric  acid.  By  igniting  it  with  charcoal,  phoaphuret  qf 
itroniiufn  is  obtained.  It  consists  of  1  proportional  of  strontia 
55  + 1  of  acid  28  =  8d.||     B. 

1039.  Carbonate  of  Strontia,    The  relation  of  strontia  to  ^^^^^^ 
carbonic  acid  resembles,  very  nearly,  that  of  baryta,  and  similar 
experiments  may  be  made  with  its  solution. 

1040.  Carbonate  of  strontia  is  found  native,  and  was  first  dis-  Di,coverT. 
covered  in  1787  at  Strontian  in  Scotland,  whence   ihe  name  of 

this  earth.  It  was  first  examined  by  Professor  Hope  of  Edin- 
burgh in  1791.  His  experiments  arc  detailed  \n  the  Fhilosoph- 
ical  Transactions  of  the  Hoyal  Society  of  Edinbnrghy  Vol. 
iv.  p.  44. 

1041.  The  native  carbonate  of  strontia  has  a  greenish  tint,  j^^^j^^ 
and  occurs  in  radiated  masses,  and  sometimes  in   acicular  and 
hexaedral  crystals.     Its  specific  gravity  is  3,6. 

1042.  The  carbonate  of  strontia  requires  for  solution  1536  p^^^i^ 
parts  of  boiling  water.     The  artificial  carbonate,  according  to  ■'••^  *:«"  ro»»- 

*  AerordiD|(  to  m,  confid^rable  rnajority  of  the  chcmitts  who  have  analyzed  it,  sulj-hate  of  kiroolia 

COCMfttS  of 

Acid 42 100 

Strootia !>8    ..>...     .     138 

lUO  2d8 

From  Ih^K  numb^n  its  eqaivitlf  nt  hai  boon  deduced  by  Pr  WoUaslon.  But  Vanqurlin  hns  stated, 
ihat  it  ii  compi^i^d  of46aci<iaiid  54  base,  and  btromeyer  of  43  arid  nnd  57  bafic.  Thi-  tlieordical 
^onttiUitioa  of  1  atom  of  acid~p  1  of  base  would  rtquirf:  it  to  cousibt  of  4J,tO  aciJ-|-&R,40  ot  t)bt>r.     II* 

T  Discovered  by  Major  Jat.  Delafiold.     Jree  jimtr.  Jour.  ofSctenct,  Vol.  iv,  j».  279. 

X/fypophotpkite  of  Strontia  hai  been  ezamiii'td  by  Dulon;;  :  it  is  a  very  olublr^  uud  difficultly  crys- 
uHijcable  lalt.     Phoiphttt  ofStrontia  has  not  been  eiamiiivd. 

I|  Accordinj;  to  ^tromeyer  it  consists  of  Acid  36.565 
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Poiiiti  of  re- 
ar oiblance 
between 
strontia  and 
baryUu 


Digtinctions. 


Stromeyer*  does  not  essentially  contain  any  water.   It  consists 
of  Strontia     .     .     .     70,313  or  100 

Carbonic  acid       .     29,687  42,22 


100. 

These  scarcely  differ  from  its  theoretical  proportions,  viz.  I 
proportional  strontia  52f  -f  1  carbonic  acid  22  =s  74. 

When  strongly  heated  with  charcoal  powder,  it  is  deoom- 
posed,  carbonic  oxide  is  given  off,  and  pure  strontia  renuun8.t 

1043.  There  is  in  many  respects  a  resemblance  between 
strontia  and  baryta  which  has  led  to  confusion  in  analysis. 

The  following  arc  some  of  the  most  striking  points  of  resem- 
blance. They  are  both  found  native  in  the  states  of  sulphate 
and  carbonate  only  ;  both  sulphates  are  soluble  in  excess  of  sul- 
phuric acid,  and  nearly  insoluble  in  water;  they  are  decompo- 
sable by  similar  means,  as  well  as  the  native  carbonates :  they 
are  both  crystallizable  from  their  hot  aqueous  solutions,  and 
both  attract  carbonic  acid.  The  carbonates  are  each  soluble 
with  effervescence  in  most  of  the  acids;  but  the  native  carbo- 
nates are  not  so  easily  acted  on  as  the  artificial.  Pure  ammonia 
precipitates  neither  one  nor  the  other. 

The  following  are  essential  distinctions.  Baryta  and  all  its 
salts,  except  the  sulphate,  are  poisonous.  The  corresponding 
strontitic  salts  are  innocent.  Baryta  tinges  flame  yellow ;  stron- 
tia, red.  Strontia  has  less  attraction  for  acids  than  baryta, 
hence  the  strontitic  salts  are  decomposed  by  baryta.  The 
greater  number  of  the  barytic  salts  are  less  soluble  than  those 
of  strontia,  and  they  differ  in  their  respective  forms  and  sola- 
bilities.  Pure  baryta  is  ten  times  more  soluble  in  water  thao 
pure  strontia. 


Mai^oesia. 


Section  VII.     Magnesium. 

1044.  The  metallic  base  of  magnesia  has  not  hitherto  beea 
obtained  ;  bul,  when  that  earth  is  negatively  electrized  with 
mercury,  the  resulting  compound  decomposes  water,  and  gives 
rise  to  tlie  formalion  o[  magnesia,  Vrom  the  properties  of  Ihe 
amalgam  it  appears  that  it  is  a  white  solid  metal  heavier  tbaa 
water,  and  highly  attractive  of  oxygen. 

1045.  Magnesia  or  Oxide  of  Magnesium  is  concluded,  from 
indirect  experiments,  to  consist  of  12  metal  +  8  oxygen ;  itt 
representative  number,  therefore,  is  20.  It  may  lie  procured 
by  exposing  the  carbonate  of  magnesia  to  a  red  heat  Map 
nesia  is  a  white  insipid  substance,  which  slightly  greens  the  bloe 
of  violets.  Its  specific  gravity  is  2,3;  it  is  almost  infusible  aod 
insoluble  in  water.     I  once  succeeded  in  agglutinating  a  small 

♦  Ann   de  (Thim.  ri  Phyf.  iii.396. 

t  Borate  nf  Strontia  was  furmf  d  J>y  I)r  IIop^ .    It  i;  a  whitr  powder  soluble  in  130  ftU  of  w«Kf- 
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irtion  of  this  earth  in  the  voltaic  flame,  and  whilst  exposed  to 
is  high  temperature,  it  was  perfectly  fused  by  directing  upon 
the  flame  of  oxygen  and  hydrogen.  (Branob.)  A  mixture 
magnesia  and  lime  is  scarcely  more  fusible  than  the  pure 
rth.  It  does  not  absorb  carbonic  acid  or  moisture^  as  is  the 
le  with  the  other  alkaline  earths. 

Magnesia  is  by  no  means  a  rare  production  of  nature,  for 
Migh  very  seldom  found  in  a  state  approaching  to  purity,  yet 
enters  largely  into  some  rocks  that  compose  extensive  forma- 
IBS,  such  IS  serpentine,  steatite,  &c. :  and  in  combination  with 
Ipharic  and  muriatic  acids  it  forms  a  large  proportion  of  the 
^redients  of  sea-water.     Its  principal  use  is  in  medicine. 

1046.  Native  Hydrate  of  Magnesia  is  found  at  Hoboken,  ^^  ^y- 
New  Jersey,  its  colour  is  white  inclining  to  green ;  its  texture 
nellar  and  soft.     It  is  dissolved  in  acids  without  efiervescence, 

d  consists  of  70  magnesia,  30  water. 

1047.  Chloride  of  Magnesium  may  be  obtained  by  passing  chionde. 
lorine  over  red-hot  magnesia ;  oxygen  is  expelled,  and  a  sub* 

ince  obtained  which  moisture  converts  into  muriate  of  mag- 


1048.  Muriate  of  Magnesia  is  very  deliquescent,  and  diffi-  ^^^^, 
lUy  crystallized.     Its  solution  has  a  bitter  saline'  taste.    Ex- 
iled to  heat  and  air,  muriatic  acid  flies  ofi*  and  the  magnesia 
mains  pore.     It  consists  of 

Magnesia  ...  20  Muriatic  acid  37. 

1049.  Muriate  of  Magnesia  is  found  in  a  few  saline  springs, 
td  coostitutes  about  one  eighth  of  the  solid  ingredients  of  the 
Iter  of  the  ocean."^  By  evaporating  a  pint  of  sea-water  we 
tain 

I^onmon  Salt  •  •  .  180,5  gri.    Sulphate  of  Magneaia  •  .  •  IS^S")  ^aa  i  * 
Moriate  of  Magnesia  93  Sulphate  of  Lame 7,13^^^'^^ 

The  average  specific  gravity  of  sea-water  is  1,026  or  1,028. 
freezes  at  about  28^5^^  and  does  not  appear  materially  to 
Ser  in  composition  in  different  latitudes,  provided  it  be  taken 
im  a  su£Scient  depth.  Near  the  mouths  of  rivers,  and  in  the 
unities  of  melting  ice  or  snow^  its  composition  will  of  course 

1050.  Hydriodate  of  Magnesia  is  deliquescent  and  abandons 

acid  when  heated.     When  iodine  is  heated  along  with  mag-  ^y^"*^*^- 
sia  and  water,  both  hydriodate  and  iodate  of  magnesia  are  form- 
.     By  concentrating  the  solution,  both  salts  are  partly  decom- 
aed ;  and  a  flocculent  iodide  of  magnesia  is  formed,  which  *'"^****" 
len  heated,  loses  part  of  its  iodine,  and  is  changed  into  a  sub- 
lide.     H.  1.  593. 

1051.  Nitrate  of  Magnesia  may  be  prepared  by  dissolving 
rbonate  of  magnesia  in  diluted  nitric  acid.     The  solution, 

len  evaporated,  yields  crystals  in  the  shape  of  prisms,  with  ^'^^ 

mOM.  Trmn:  1010. 

Womj**  Amalytit  ^ StOrWattr,  Edinburgh  Phil.  Tr»n$.  Vol.  riii.  p.  SOS. 

CU0rmt»  ^Mmgnuim  it  %  bitUr  deliqueiceat  lalt. 
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How  obtain- 
ed. 


four  oblique  faces  truncated  at  their  summits.  Most  commonly^ 
however,  it  forms  a  shapeless  mass,  consisting  of  an  immense 
number  of  small  needle-shaped  crystals,  crossing  each  other 
irregularly.  These  crystals  deliquiate  in  the  air,  and  are  solu- 
ble in  half  their  weight  of  water.  When  exposed  to  the  heal 
of  ignition,  they  fuse;  a  few  bubbles  of  oxygen  gas  first  escape; 
and  the  nitric  acid  then  passes  undecomposed.  The  salt  eon- 
tains,  exclusive  of  water,  according  to  Dal  ton,  69  acid  +  31 
base.* 

1052.  ^mmonio-Nitrate  of  Magnesia  may  be  obtaioed  hj 
evaporating  a  mixed  solution  of  nitrate  of  ammonia  and  Bitnts 
of  magnesia ;  it  forms  prismatic  crystals  of  a  bitter  acrid  tastBp 
soluble  in  about  II  parts  of  water  at  60^,  and  leas  deliqaesoent 
than  their  component  salts  separately.  FouacROTy  Jinnakiit 
Chimie.  iv.  215. 

1053.  Snlphuret  of  Magnesia. — Sulphur  and  magnesia  de 
not  appear  to  form  a  complete  sulphuret,  for  when  melted 
together  the  compound  does  not  dissolve  in  water ;  and  whea 
heated  the  sulphur  burns  off. 

1054.  Hyposulphite  of  Magnesia  may  be  formed  by  boiling 
flowers  of  sulphur  in  solution  of  sulphite  of  magnesia ;  it  is 
bitter,  very  soluble,  but  not  deliquescent.  Being  more  soluble 
in  hot  than  cold  water,  it  readily  crystallizes  as  its  aolutioi 
cools;  heated,  it  burns  with  a  blue  flame,  and  by  a  sufficient 
continuance  of  the  heat,  the  whole  of  the  acid  is  .expelled,  and 
magnesia  remains. 

1055.  Sulphite  of  Magnesia  is  prepared  by  passing  suIpha^ 
ous  acid  through  water  containing  diffused  magnesia.  It  forms 
tetraedral  crystals  soluble  in  20  parts  of  water  at  60^. 

1056.  Sulphate  of  Magnesia  is  a  commonly  occurring  com- 
pound of  this  earth,  much  used  in  medicine  as  an  aperieott 
It  is  largely  consumed  in  the  preparation  of  carbonate  of  ma^ 
nesia.  It  crystallizes  in  four-sided  prisms  with  reversed  dihe- 
dral summits ;  or  four-sided  pyramids.  Its  taste  is  bitter.  It 
is  soluble  in  its  own  weight  of  water  at  60^.  When  exposed 
to  a  red  heat,  it  loses  its  water  of  crystallization,  amoantiogts 
about  SO  per  cent.y  but  is  not  decomposed.     It  consists  of 


Magnesia 


20 


.  •  Sulphuric  acid  40  as  60. 

In  its  crystallized  state,  it  may  be  considered  as  composed  of 
1  proportional  of  dry  sulphate  +  7  proportionals  of  water,  or  60 
sulphate  -f  63  water  =123. 

1057.  This  salt  is  usually  obtained  from  sea-water,  the  residos 
of  which,  after  the  separation  of  common  salt,  is  known  by  ths 

Nitric  Mid  64  i=^   Bimnd^ 

t  When  highly  concentrated  sulpharic  acid  is  toddenlj  added  to  fresh  picpmd  sad  pm  mtfi^ 
rtrj  grfist  heat  snd  rapoiir  are  excited,  accompanied  frequeutlj  with  an  extricAlioa  af  l%kls " 
appearance  first  obien'ed  by  Wectnimb.  But  if  the  carbonate  of  magiicnaba  ■iddadtpdUltedfil|k'' 
tie  acid,  the  carbonic  acid  is  expelled,  and  a  solulioD  of  lulphatl  of 
cryBtalUzei  en  cvaporatbn  and  cooling.    H.  1.  597. 


: 
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name  of  biiiernj  aod  contains  sulphate  and  muriate  of  zna^esla ; 
the  hUer  is  decomposed  by  sulphuric  acid:  a  poriion  of  muriate 
of  magnesia  often  remains  in  the  sulphate  and  renders  it  deli- 
quescent :  it  is  also  occasionally  obtained  from  saline  spriDs;s  ; 
and  sometimes  by  the  action  of  sulphuric  acid  on  magnesia n 
limestone.  It  was  once  procured  from  the  springs  of  £psom  in 
Surrey,  and  hence  called  Epsom  salt.  It  has  been  found  native, 
eonstitutinf;  the  biiier  salt  and  hair  salt  of  mineralogists  :  it 
not  uofrequeotly  occurs  as  a  fine  capillary  incrustation  upon  the 
damp  walls  of  cellars  and  new  buildings. 

1058.  The  sulphate  of  map^esia  of  commerce  is  occasionally  A^KiivrsTM. 
adulterated  with  small  crystals  of  sulphate  of  soda  ;  the  fraud  is  k>«^i-.cu4 
detected  by  the  inferior  wei;;ht  of  the  precipitate^  occasioned 

by  adding  carbonate  of  potassa ;  100  parts  of  pure  crystallized 
sulphate  of  magnesia  furnishing  a  precipitate  of  about  40  parts 
sf  dry  carbonate. 

1059.  JimimoniO'Sulphait  of  Magnesia  may  be  obtained  ^^^^,.^ 
by  mixing  solution  of  sulphate  of  ammonia  with  solution  of  UipUM. 
sulphate  of  magnesia  ;  or  by  pouring  ammonia  into  a  solution 

of  the  sulphate  of  magnesia,  in  which  case,  part  only  of  the 
magnesia  is  thrown  down,  the  remainder  forming  with  the  sul- 
phate of  ammonia  this  triple  salt  It  crystallizes  in  octoedra 
and  eonsists  of  68  sulphate  of  magnesia  +  32  sulphate  of  ammo- 
nia =  100.* 

1060.  Pkogfhate  of  Magnesia  is  formed  by  adding  the  car-  m^^x^^ 
bonate  of  magnesia  to  phosphoric  acid.     It  is  insoluble.     Ac- 
cording to  Fourcroy,  crystals  of  phosphate  of  Magnesia  may  be 
obtained  by  mixing  the  aqueous  solulions  of  phosphate  of  soda 

and  sulphate  of  magnesia.  The  bi-phosphate  crystallizes  in 
irregular  six-sided  prisms,  soluble  in  14  parts  of  water  at  60^, 
and  efflorescent. 

1061.  t^mmonio-phosphate  of  Magnesia  is  formed  by  mix-  , 

ing  the  solutions  of  pliosphate  of  ammonia^  and  phosphate  of  Fko^Mu. 
magnesia;  it  precipitates  in  the  form  of  a  while  crystalline 
powder,  or  in  small  four-sided  prisms,  tasteless,  and  scarcely 
soluble  in  water,  but  readily  soluble  in  dilute  muriatic  acid. 
Exposed  to  a  high  temperature  it  falls  into  powder,  evolves 
ammonia,  and  fuses  with  difficulty.  According  to  Fourcroy,  it 
contains  equal  weights  of  phosphate  of  ammonia,  phosphate  of 
magnesia,  and  water. 

To  separate  magnesia  from  other  earths,  Dr  Wollaston  availed  Pr  woiiat 
himself  of  the  formation  of  this  triple  phosphate.     A  mixture,  U"**jr«u°4 
for  instance,  of  lime  and  magnesia  may    be  dissolved  in  muri-  »*i««»i*- 
atic  acid ;  and,  upon  the  addition  of  bi-carbonate  of  ammonia, 
the  lime  is  thrown  down  in  the  state  of  carbonate,  but  the  niaj^- 
nesia  is  retained  by  tlie  excess  of  carbonic  acid.     Filler  an<l  ;i'ld 
a  saturated  solution  of  phosphate  of  soda,  and  in  a  short  linio  tin* 
ammonio-magnesian  phosphate  falls  down,  100  grains  of  which 
are  equivalent  to  about  20  of  magnesia.     lu  occasionally  em- 

♦  Kogr^-my,  Annalet  di  C\im'e.  tj. 
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ploying  this  process,  however,  I  have  never  beeD  able  to  throw 
down  the  whole  of  the  magnesia,  a  portion  being  under  all  cir^ 
cumstances  retained  in  solution.     Brandc. 

1062.  Carbonate  of  Magnesia.  Pure  magnesia  does  not 
attract  carbonic  acid  with  nearly  the  same  intensity  as  lime. 
Hence  magnesia  may  be  exposed  to  tlie  air  without  any  im- 
portant change  in  its  properties,  or  much  increase  of  weight, 
unless  the  exposure  be  long  continued,  when  it  first  becomes 
a  hydrate  by  absorbing  water,  and  then  attracts  carbonic  acid 
from  the  atmosphere. 

The  carbonate  of  magnesia  of  the  shops  is  prepared  by  mix- 
ing together  concentrated  and  hot  solutions  of  carbonate  of 
potassa  and  sulphate  of  magnesia.  The  sulphate  of  magoesia 
thus  fonned  is  removed  by  copious  washing  with  water, 
and  the  carbonate  of  magnesia  is  then  dried.  The  proportions 
employed  are  filtered  solutions  of  4  parts  of  the  crystallized 
sulphate  and  3  of  the  carbonate  of  potassa.  One  hundred  parts 
of  the  desiccated  sulphate  give  about  71  of  carbonate  of  mllgD^ 
sia,  or  about  33  of  the  pure  earth.  H.  1.  598.  It  is  a  white, 
insipid,  and  insoluble  powder,  which  loses  its  add  at  a  red 
heat,  and  thus  affords  pure  magnesia.     It  contains 

20  magnesia  -f  22  carbonic  acid  s  48.    B. 

1063.  Water  at  60°  dissolves  only  l-2493d  of  its  weight,  and 
at  the  boiling  temperature,  l-9000th  part,  of  common  carbonate 
of  magnesia.t    The  addition  of  almost  any  acid  to  the  carbonate 

bx^dSTand  expels  its  acid,  and  a  compound  remains  of  magnesia  with  the 
new  acid  which  has  been  added.  The  affinity  of  carbonic  aeid 
appears,  indeed,  to  be  feeble,  for  it  is  expelled  by  a  very  mode- 
rate heat,  much  inferior  to  that  required  for  the  decomposition 
of  carbonate  of  lime.  The  residue  is  pure  magnesia,  which,  for 
medical  and  chemical  uses,  is  always  prepared  by  the  calcina- 
tion of  the  carbonate,  and  hence  its  udine  ot  calcined  fnagnesia* 
H.  1.  5954 

1064.  Carbonate  of  mngnesia  was  first  used  in  medicine  early 
in  the  last  century.  It  is  often  obtained  from  sea-water^  after 
the  separation  of  its  common  salt.  It  is  found  native  constitut- 
ing the  mineral  called  magnesite.  It  has  been  found  at 
liobokcn,  New-Jersey,  in  veins  in  a  serpentine  rock,  accompa- 
nying the  native  hydrate.  It  is  generally  white  and  friable, 
and  in  some  places  in  fine  acicular  crystals. 


beau 


Natl  re. 


*  Fourcroy,  Ann.:1cs  de  Chin-ie.  ir. 

Sulphate  of  Votatta  and  Magnttim  forms  rboruboidal  cryitals,  scarcelj  mora  lolobl*  Iku  iri* 
pliflte  of  iMtiig^a,  an  J  of  a  bitter  taste. 

t  Kdin.  rhilcs.  Joit.  v.  305. 

\  Wlieo  the  comriion  carbonate  ii  calcined  in  the  larj^e  way,  it  appears  at  if  boilii^,  fitm  tkt  tt^ 
cntion  of  cart>onic  ni.id  :  P'miall  portion  !•»>:(:  nds  like  a  vapour,  and  is  deposit«>d  in  a  white  f«w4er« 
the  cold  bodins  with  whith  it  oomes  into  oentact ;  and  io  n  dark  place,  toward  tke  and  «f  tba  aps* 
tiun  it  shines  with  a  biutfth  pbosphoric^lipht. 

A%  the  magnesia  of  the  shops  is  sumelitncs  .tdulterated  with  chalk,  this  may  be  deleelrdbT^ 
addition  of  a  little  ftuT|>tfaric  acid  diluted  with  eii^ht'or  ten  tilnes  its  weight  of  water,  as  ihU  ^H  ^i** 
with  the  niitf  nesia  a  very  soluble  salt,  while  tbe  sulphate  of  line  will  remain  anditMlrcd.  Cakias' 
mas^esia  should  dissolve  in  this  dilute  acid  wit  hoot  any  cflerrcsceoce.    U.  SJ. 
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1065.  The  saturated  carbonate  of  magnesia  (as  it  has  gene-  SMamtod 
rally  been  considereti,)  may  be  obtained ,  by  passing  streams  of  <^*'***'"**** 
carbonic  acid  gas  through  water,  in  which  common  magnesia  is 
kept  mechanically  suspended,  or  by  adding  a  very  dilute  solu- 
tion  of  carboivite  of  soda,  highly  charged  with  carbonic  acid 
ander  pressure,  to  a  dilute  solution  of  sulphate  of  magnesia. 
No  immediate  precipitation  ensues,  but,  after  a  few  days,  con* 
gieries  of  crystals  will  be  found  adheriug  to  the  inner  surface  of 
the  glass  vessel.*     H.  1.  594.     According   to  Bcrzelius  these  conpotiUon. 
crystals   consist  of  29,583  base,  31,503  acid,  38,914   water. 
Dr  Henry  conceives  their  true  composition  to  be  as  follows,  and 
that  the  existence  of  a  bi-carbonale  of  magnesia^  has  not  been 
proyedy  viz. 

1  atom  of  magnesia  ....     SO     .     .     28,60 
1  atom  of  carbonic  acid      .     .     22     .     .     32, 
3  atoms  water 27    .     .     39,40 


69  100, 

1066.  Borate  C(f  Magnesia  may  be  formed  artificially..  It  Borate. 
occurs  native  in  a  mineral  called  boraciie,  hitherto  only  found 

in  the  duchy  of  Luneburgh.  Its  primitive  form  is  the  cube,  but 
the  edges  and  angles  are  generally  replaced  by  secondary  planes, 
and  foar  of  the  angles  are  always  observed  to  present  a  greater 
number  of  facets  than  the  other  four ;  these  crystals  become 
electric  by  heat ;  the  most  complex  angles  being  rendered  posi- 
tive,  and  the  simplest  negative.     It  sometimes  contains   lime. 

1067.  Carbonate  of  Magnesia  and  Potassa — Berzelius  has 
described  a  salt  with  double  base,  which  may  be  formed  by  mix-  caAonate  of 
ing  bi*carbonate  of  potassa  in  excess,  with  muriate  of  magnesia.:t  ^^Sum^*^ 
No  precipitate  appears,  but  in  a  few  days  the   salt   arranges 

itself  in  crystalline  groups  on  the  sides  of  the  vessel.  It  con- 
sists of 

Potaflta 18,^ 

Magnetia 15,99 

Carbonic  acid 34,49 

Water 31,34 

100, 

1068.  The  salts  of  magnesia  are  for  the  greater  part  soluble  in 
water,  and  afford  precipitates  of  magnesia,  and  of  carbonate  of 
magnesia,  upon  the  addition  of  pure  soda,  and  of  carbonate  of 
soda.  Phosphate  of  soda  occasions  no  immediate  precipitate 
when  added  to  a  magnesian  salt,  but  the  addition  of  ammonia 
causes  a  white  precipitate  of  the  triple  ammonio-magncsian 
phosphate. 

^Mtgnttim  waitr^-Ldfuidmmgnni*  { U  prapared  bj  ad^tof  thx««  dracbot  of  carbonate  of  mafnatia 
u>  one  fallofl  of  water ;  the  liquid  is  thea  imprcf  nated  with  carbooic  acid  by  means  of  a  forcing  pamp- 
[U,  S.  Pkmrmmc^.) 

t  Aeeordinf  to  Professor  Braoda  ••  ^'-cariono/s**  of  mafnesia  cootalos  20  mafocua  44  caibonic  acid 
■=64. 

:  RdiB.  Fbilos.  Joor.  u;f7. 
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1069.    The  minerals  which  contain  magnesia  are  generally 
soft  and  apparently  unctuous  to  the  touch  ;  they  have  seldom 
either  lustre  or  transparency,  and  are  generally  more  or  less  of 
a  green  colour, 
se  ftntion  of      ^^^O.  The  Separation  of  magnesia  and  lime  is  a  problem  of 
magMtiaud  some  importance  in    analytical    chemistry,  as  they  often  exist 
^"^'  together  in  the  same  mineral,  more  especially  in  the  varieties  of 

magnesian  limestone.  When  solution  of  carbonate  of  ammooii 
is  added  to  the  mixed  solution  of  lime  and  magnesia  in  nitric  or 
muriatic  acids,  carbonate  of  lime  falls,  and  the  magnent  is 
retained  in  solution  and  may  be  separated  by  boiling :  tbb 
method,  however  simple,  is  not  susceptible  of  great  accuracy, 
for  a  portion  of  carbonate  of  lime  will  always  be  retained  along 
with  the  magnesia  in  solution,  and  a  triple  ammoniaco-magnesiHi 
salt  is  also  formed.  The  following  process  is  recommended  by 
Professor  Brande.  To  the  mixed  solution  of  lime  and  magnesia 
add  oxalate  of  ammonia  slightly  acid,  collect  the  precipitate, 
wash  and  dry  it.  65  parts  indicate  28  of  lime.  If  nitric  or 
muriatic  acid  were  used  for  solution,  the  magnesia  may  after- 
wards be  obtained  by  evaporation  and  heating  the  residue  to 
redness  in  a  platinum  crucible  till  it  ceases  to  lose  weight  If 
sulphuric  acid  were  the  solvent,  the  same  operation  affords  dry 
sulphate  of  magnesia  of  which  60  parts  are  eqaivalent  to  20 
magnesia.'^ 

M.  Longchamp  has  published  a  valuable  paper  on  this  subject, 
in  the  12th  vol.  of  the  •^nn.  de  Chim.  et  Phys.  He  considers 
sub-carbonate  of  ammonia  as  the  best  i-e-a gent  for  separating  the 
two  earths.  Care  must  be  taken  to  filter  the  solution  from  the 
calcareous  precipitate,  shortly  after  the  addition  of  the  sub-car- 
bonate. If  it  stand  12  or  18  hours,  sub-carbonate  of  magnesia 
falls  with  the  carbonate  of  lime.  100  parts  of  solution  of  pure 
muriate  of  lime  gave,  with  sub-carbonate  of  ammonia  1,5475 
parts  of  carbonate  of  lime;  100  of  the  same  solution,  previously 
mixed  with  muriate  of  magnesia  in  excess,  yielded  1,5585  parts. 
Alkaline  sub-carbonates  dissolve  the  sub-carbonate  of  magnesia ; 
but  caustie  potash  precipitates  magnesia  perfectly,  either  with  or 
without  heat.  He  objects  to  the  method  of  separating  these 
earths  by  first  converting  them  into  sulphates  ;  first  on  account 
of  the  great  difilculty  of  driving  off*  the  water  from  the  sulphates 
of  magnesia ;  secondly,  from  the  difiicult  solubility  of  heated  and 
dry  sulphate  of  magnesia  in  water  ;  and  thirdly  because  the  sul- 
phate of  magnesia  is  partly  decomposed  at  very  high  heats.  U* 
571. 


Section  VHI.     Mahganese. 

1071.  The  common  ore  of  manganese  is  the  black,  or  perox- 
ide, which  is  found  native  in  great  abundance.     The  metal  if 

*  For  the  process  recommended  by  Mr  R.  Pbillipi.  tee  Qaarterlj  Jourval.  Vol.  ti.  317. 
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obtained   by  mixing  this  oxide,  finely  powdered,  with  pitch,  Proee«  for 
making  it  into  a  ball,  and  putting  this  into  a  crucible,  with  uiTiiT^n'^ 
powdered  charcoal,  one  tenth  of  an  inch  thick  on  the  sides,  and  ^^ 
one-foarth  of  an  inch  deep  at  the  bottom.     The  empty  space  is 
then  to  be  filled  with  powdered  charcoal,  a  cover  is  to  be  luted 
on,  and  the  crucible  exposed,  for  one  hour,  to  the  strongest  heat 
that  can  be  raised.    Mr  Faraday  has  succeeded  in  obtaining  metal- 
lic manganese  in  large  globules  from  the  triple  tartrate  of  man- 
fanese,  by  heating  it  in  a  crucible  in  a  wind  furnace /7er  se.    (H.) 
t  is  of  a  bluish  white  colour,  very  brittle,  and  diiSicult  of  fusion. 
When  exposed  to  air  it  becomes  an  oxide.     Its  specific  gravity 
is  8,013.     It  is  not  attracted  by  the  magnet,  except  when  con- 
taminated with  iron. 

1072.  Manganese  and  Oxygen.     There  is  a  diversity  of  q^^^ 
opinion  among  chemists  as  to  the  number  of  oxides  of  man- 
ganese,  and   their  composition.     According  to  Sir  H.  Davy 
there  are  only  two  ;*  Mr  Brande  admits  three,  Thenard  four,t 
and  Berzelius  five.ij: 

The  protoxide  may  oe  obtained  by  digesting  the  native  black  Pretoiiae. 
oxide  in  muriatic  acid.  Chlorine  is  abundantly  evolved,  and 
the  hydrogen  of  the  muriatic  acid  unites  with  part  of  the  oxy- 
gen of  the  oxide  to  produce  water.  The  metal  thus  partly  deoxi- 
dized, b  dissolved  by  the  remaining  muriatic  acid,  forming  a 
muriate  of  manganese.  Iron  is  almost  always  present,  which, 
as  Mr  Hatehett  has  shown,  may  be  easily  separated  by  neutral- 
izing the  moriatic  solution  withf  ammonia.  The  oxide  of  iron 
is  directly  precipitated,  but  oxide  of  manganese  remains  in  solu- 
tion, and  may  be  separated  by  excess  of  ammonia. §  The  solu- 
tions of  peroxide  of  manganese  furnish  a  white  precipitate  with 
the  alkalies,  which  is  a  hydrated  oxide  of  manganese^  and 
which, -when  dried  in  close  vessels,  acquires  au  olive  colour, 
and  is  ih^ protoxide.  Exposed  to  moist  air,  it  passes  into  the 
state  of  deutoxide  and  peroxide.  || 

1073.  When  peroxide  of  manganese  is  heated  red-hot  till  it  Deotonia. 
ceases  to  give  out  gas,  a  dark  reddish-brown  £2et//ox/(/e  of  man- 
ganese remains,  which,  when  acted  upon  by  sulphuric  acid,  is, 

*  RleoMiits.  p.  309.  f  Tmt6  de  Chiro.  ii.  931 . 

X  For  the  results  of  lereral  analyitt,  ie«  Henrjr'i  Chemittrj,  Vol.  ii.  p.  S. 

$  Oo  the  leparfttion  of  iroa  from  maogaoete,  see  Cluarterlj  Journal  of  Science  and  the  Arti.  Vd. 
Ti.  p.  I£3. 

n  Dr  Ure's  method  consists  in  diisolviof  common  black  manganese  In  sulphuric  or  nitric  scid,  adding 
a  little  sugar  and  precipitating  bj  solution  of  potash.  A  white  powd«r  is  obtained.*  which  bciD^ 
heated  to  redness  out  of  the  contact  of  air,  becomes  yellow,  puce-coloiir?d.  and  Isstly  red-brown.  To 
be  presenred,  it  should  be  washed  in  boiling  water,  previously  freed  from  air,  nnd  then  dried  by  dii^til- 
ling  off  the  nM>istnre  in  a  retort  filled  with  hydrogen.  The  dark  oKn'e  oxide,  when  exnmined  in  large 
quantities,  appears  almost  black  ;  but  when  spread  upon  white  paper,  its  olive  tiat  is  apparent,  ft 
taSre^  fire  when  gently  heated,  incrcasirs  in  weight,  and  acquires  abrowntir  tint.  It  slowly  absorbs 
oTygen  from  the  air,  even  at  common  temperatures.  It  diasolves  in  aci'ls  without  f  fft  rvescence.  The 
diffrrent  tints  which  this  oxide  asfomesb/  exposure  to  air  are  supposed  by  Sir  H.  Davy  to  drpmd  on 
the  formation  of  Tariable  quantities  of  thn  black  brown  oxide,  which  probably  rettiins  the  water  con-' 
ta*n'*d  in  the  white  hydrate,  end  is  hence  deep  puco-coloured.     L'.  h12. 

•  The  hydrmted  protoxidt. 


according  lo  Gay-Lussac,  resolved  into  protoside  and  peroxide. 
J^xposed  [o  moist  air  it  absorbs  oxygen,  and  is  pai'tly  re-conrert- 
ed  inio  peroxide.  The  deutoxide  is  mt^t  easily  obtsioed  pure, 
by  Irituraling  peroxide  of  manganese  in  fine  powder,  wilh super- 
oxalate  of  poUssa  and  water :  a  pink  solution  is  obtained^  nDDi 
which  ammonia  throws  down  Ihc  deuloxide.* 

1074.  The  Peroxide  of  Manganese  is  black;  it  is  not  solu* 
ble  in  acids ;  and  abounds  as  a  nutiiral  producl.t  ll  abounds  in 
various  parts  of  Europe  and  in  the  United  StatGs4  It  occurs 
compact  and  crystallized  ;  the  crystallized  varieties  have  a  grey 
metallic  luiitre.     It  is  generally  blended  with  sulphate  of  baryta. 

1075.  The  oxide  of  manganese  which  is  sometimes  called 
black  wad,  and  which  occurs  in  froth-like  coatings  on  other  min- 

,  erals,  is  remarkable  for  its  spontaneous  inflammation  with  oil.— 
'  If  half  a  pound  of  this  be  dried  before  a  hre,  and  aderwudi 
Guffered  to  cool  for  about  an  hour,  and  it  be  then  loosely  mixed 
or  kneaded  with  two  ounces  of  linseed  oil ;  the  whole,  in  K>me> 
thing  more  than  half  an  hour,  becomes  gradually  hot,  and  it 
length  bursts  into  flame.      U.  573. 

1076.  According  to  the  analysis  of  Berzclius  {Jinnaka  de 
^  Chim.  Ixxxvii.)   the  oxides  of  manganese   are   composed  as 

follows  ; 

Manganese     1 00,  1 00,  1 00, 

Oxygen  28,1  42, IG  56,2 

From  which  it  appears  that  th^  proportions  of  oxygen  lo  eich 
other,  areas  1,  1,5,  and  28,1  :  100  :  :  8  :  28,4,  as  the  repre- 
senliitive  number  of  manganese.  Dr  Davy's  analysis  of  the 
chloride  of  manganGse§  which  was  made  in  an  unexception- 
able way,  gives  the  number  28,6.  As  further  expcrimeotnl 
evidence  is  wanting,  tve  shall  not  be  far  from  the  truth  in  as- 
suming 28,0  as  the  equivalent  of  manganese,  and  the  three  ox- 
ides will  then  consist  of 
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1077.  Scheele  having  mixed  black  oxide  of  manganese  with 
caustic  potash,  and  exposed  it  to  a  heat  suflicieutly  strong  lo 
melt  the  alkali,  obtained  a  dark  green,  or  blackish  mass,  which 
was  soluble  in  water.  By  degrees,  a  yellow  powder  precipi- 
tates from  the  solution,  and  the   liquid  assumes  a  blue  colour; 


t  Triiutit  -t  Tb«DK>D. 

t  for  louliti*!  H*  Cltuelud-i  J 

il  Dr  TIkiokd  fmii  tfai  CDinpoiLlL 
^l..Ua^ntfa  =  l.    FirilP, 


It  Tk  auiutii  (.5  UT|<i 


MURIATE   OP   MANOANISB.  287 

sometime  after,  the  colour  becomes  violet y  and  then  red;  and 
finally  blabk  oxide  of  manganese  precipitates,  and  the  liquid 
loses  all  colour.  In  consequence  of  this  curious  succession  of 
colours,  the  liquid  thu^obtained  used  to  be  distinguished  by  the 
Dame  of  mineral  chameleon. 

We  may  employ  nitre  instead  of  potash,  and  the  process  will 
succeed  equally  well.*  The  manganese  and  nitre,  both  re- 
duced to  powder,  are  mixed  together,  and  thrown  into  a  red- 
hot  crucible,  the  nitric  acid  is  decomposed,  and  we  obtain  a  com- 
pound of  highly  oxidized  manganese  and  potassa.t  Its  colour 
varies  with  the  quantity  of  water  added  to  it.  A  small  quanti-  ^''^' 
ty  gives  a  green  solution  ;  a  further  addition  changes  it  to  blue ; 
more  still  to  purple,  and  a  still  larger  quantity  to  a  beautiful 
deep  purple. 

1078.  The  experiment  may  be  varied,  by  putting  equal  quan- 
titles  of  this  substance  into  two  separate  glass  vessels,  and  pour-  '^' 
ing  on  the  one  hot,  and  on  the  other  cold,  water.  The  hot 
solution  has  a  beautiful  green  colour,  and  the  cold  one  is  of  a 
deep  purple.  The  same  material,  with  water  of  different  tem- 
peratures^ assumes  various  shades  of  colour.     H.  2.  9. 

1079.  Messrs.  Chevillot  and  Edwards  have  ascertained  that 
the  colour  of  the  chameleon  mineral  is  owing  to  manganese  and 
not  to  any  other  metal ;  that  the  contact  of  oxygen  gas  with 
the  fused  materials  is  essential  to  its  formation,  during  which 
oxygen  is  absorbed  ;  and  that  the  chameleon  compound  is  a 
neutral  salt,  susceptible  of  assuming  a  regular  crystallized 
form.J 

When  these  crystals  are  heated  in  contact  with  hydrogen 
gas^  they  cause  it  to  inflame.  They  detonate  violently  with 
phosphorus ;  and  set  fire  to  sulphur,  arsenic  and  antimony,  and 
in&eed  to  all  combustible  bodies  hitherto  tried. 

1080.  Messrs  Chevillot  and  Edwards  conceive  that  in  this  J^J^°*'*^ 
compound  the  manganese  is  converted  into  manganesic  acid, 
which  combines  with  the  potassa  and  forms  a  manganesiatt. 
Forchhammer  supposes  that  two  acids  exist,  and  that  the  differ- 
ent colours  of  the  solution  depend  upon  the  conversion  of  man" 
ganesous  into  the  manganesic  acid. — Though  it  is  extremely 
probable,  that  manganese  is  capable  of  forming  one  or  more  true 

acids  with  oxygen,  yet  the  proportion  of  the  elements  of  these 
acids  may  be  considered  as  undetermined.     H. 

1081.  Manganese  and  Chlorine. — By  burning  the  metal  in  ]fMir»o«*« 
chlorine,  or  by  exposing   muriate  of  manganese  to  a  strong  *"«*  ^'w<»n»«- 
heat,  a  pink  semi-transparent  flaky  substance  is  obtained,  which, 

when  dissolved  in  water,  produces  a  muriate  of  manganese. 

1082.  Muriate  of  Manganese.     The  action  of  muriatic  acid  Muriate. 
on  the  black  oxide  of  manganese  is  most  important.     According 

to  the  old  theory,  part  of  the  acid  acts  on  one  portion  of  the 

•  Tboraton*!  First  Principles,  370. 

t  ir  c::u«tjc  pota^b  be  used,  the  proportions  should  be  one  part  of  mtnxanrse  and  fire  or  sii  of  potaih. 

X  ian.  Je  Cbim.  et  Pins.  \r.  2»'7  viii.  337. 
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o\i<ie  ;  onJ  firat  reiluces  it  to  the  stale  of  protoxide,  and  Ihea 
dissolves  it,  affording  muriate  of  protoxide  of  manganc^. 
The  oxygen,  thus  liberated,  uniting  with  another  portion  of 
muriatic  acid,  composes  oxy-niurialic  acid.  Hut,  on  the  more 
probable  tlieory  of  chlorine,  the  hydrogen  of  the  muriatic  acid 
ia  attracted  by  the  oxygen  of  the  oxide,  and  the  chlorine  is  not 
formed,  but  nicrely  set  at  liberty. 

1083.  Muriate  of  manganese  may  be  easily  formed  by  healing 
I'  excess  of  the  black  oxide  with  muriate  of  ammonia  in  a  cruei- 
ble  dissolving  the  mass  in  water  and  Altering.  If  this  solutioa 
be  evaporated  to  dryoess  and  fused  out  of  the  contact  of  air,  the 
crystallized  chloride  is  obtained.*  Heated  in  contact  orair,itit 
decomposed,  and  oxide  of  manganese  remains.  The  crystaliol'. 
muriate  of  manganese  consist  of  ^^ 

i'riloMdeorMBngaucg 3S,50 

Muriatic  ucid 90,04 

Waler ■     .     41.W 

iw,    n.  i.  8. 

1064.  Nitrate  of  Manganese. — Dilute  nitric  acid  readily 
dissolves  protoxide  of  manganese,  and  forms  a  very  soluble  aod 
difficultly  cryslallizable^ro/o-nj/ro/e.  The  same  salt  may  be 
obtained  by  digesting  peroxide  of  manganese  in  nitric  acid  with 
a  portion  of  gum  or  sugar,  which  abstracts  oxygen,  carbonic 
acid  is  evolved,  and  the  protoxide  dissolved  by  Ihe  acid.  Ex- 
posed to  light,  the  solution  of  the  prolonitrate  lets  fall  a  portion 
of  peroxide  of  manganese. 

When  dilute  nilric  acid  is  poured  upon  the  deutoxide  of  man- 
ganese, a  protonilrate  and  peroxide  are  formed. 

The  composition  of  nitrate  of  manganese,  according  to  Prof. 
Brande  is  36  proioxide  +  54  acid  =  90.  According  to  Dr 
Thomson,  it  consists  of  I  atom  acid,  1  protoxide  and  7  algo) 
water.     First.  Prin.  ii.  349. 

10S5.  ^an^-a/iCi'CKnf/.yKi^sAur  appear  unsusceptible  of  com- 
'  bination  ;  but  a  compound  of  oxide  of  manganese  and  sulphur 
is  found  in  Transylvania  and  Cornwall.  It  is  of  a  blackish 
grey  colour,  and  metallic  lusti'C.  The  oxide,  however,  unites 
with  sulphur  by  fusion,  in  Ihe  proportion  of  S  of  the  former  to 
3  of  the  latter ;  and  a  compound  is  obtained  of  a  green  colour 
which  gives  out  sulphuretted  hydrogen  gas  by  the  actioa  of 
acids,    ll.t      ■ 

1086.  Sulphate  of  ATanganese  is  formed  by  dissolving  the 
protoxide  or  protocarbonate  in   the  acid,  and   evaporating  to 
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hyuc— :  a  white  protasuiphate  is  formedi  which  crystallizes  in  saipi»te. 
mmboidal  prisms,  and  consists  of 

36  protoxide  +  40  sulphuric  acid  ==  76. 
It  is  very  soluble  in  water,  and  has  a  bitter  styptic  taste  :  at 
\  bright  red  heat  it  gives  out  oxygen,  and  sulphurous  acid  and 
leatoxide  of  manganese  remain.  It  may  also  be  obtained  by 
nixing  peroxide  of  manganese  into  a  paste  with  sulphuric  acid, 
■Kl  heating  it  in  a  basin  nearly  to  redness  :  oxygen  is  evolved, 
ind  the  dry  mass  washed  with  water  affords  the  sulphate. 

1087.  JDeutosulphaie  o/  Manganese  is  formed  by  digesting  pentorai- 
he  deatoxide  in  sulphuric  acid  diluted  with  its  bulk  of  water:  p***^^* 

i  red  solution  is  formed,  but  the  salt  cannot  be  obtained  in  a 
leatral  or  separate  state,  for  the  application  of  heat  evolves 
nygen,  and  forms  protosulphate.  It  is,  probably,  to  a  little 
leutosolphate  that  the  occasional  red  tinge  of  the  protosulphate 
is  to  be  attributed.* 

1088.  Carbonate  o/  Manganese  is  white,  insipid,  and  inso-  caiboMte. 
luUe  in  Water.     It  is  precipitated  by  alkaline  carbonates  from 

the  protomuriate  or  protosulphate,  and  consists  of  36  protox- 
ide +  28  carbonic  acid  =58.t 

10JB9.  The  salts  of  manganese  containing  the  protoxide  are  cbaneteni- 
mostly  soloble  in  water,  and  the  solution  becomes  turbid  and  t^«*  <>^  ^^*  , 
brown  by  exposure  to  air.     They  are  not  precipitated  by  by-  BangMete. 
driodic  scid)  they  furnish  white  precipitates  with  the  alkalies, 
which  soon  become  discoloured  by  exposure  to  air ;  they  are 
precipitated  white  by  ferro-prussiate  of  potassa,  and  yellow  by 
bydrosulpharet  of  ammonia. 

1090.  The  native  peroxide  of  manganese  is  used  in  the  labo-  ^9m: 
ratory  as  a  source  of  oxygen,  and  is  largely  employed  in  the 
preparation  of  chlorine,  especially  by  the  bleachers.  It  is  used 
in  glass-making,  and,  when  added  in  excess,  gives  it  a  red  or 
riolet  colour.  It  is  also  employed  in  porcelain  painting ;  and  it 
gives  common  earthen  ware  a  black  colour,  by  being  mixed  with 
the  materials  before  they  are  formed  into  vessels. 


SxcTiON  IX.    Iron. 

1091.  The  most  important  native  combinations  of  iron, 
vriieoee  the  immense  supplies  for  the  arts  of  life  are  drawn,  are 
the  oxides.  Iron  is  also  found  combined  with  sulphur,  and 
with  several  acids ;  it  is  so  abundant  that  there  are  few  fossils 

*  Phmpkurtl  of  MmmftmeH  i»  of  a  blue  wbite  netolUo  hutrtt  •b'  eontiderablj  inflanmable. 
nttphUa  mni  H^yopkotpkU*  ^f  Jfrnngants*  bare  not  been  exannaed.  Pkotpkat*  of  Mangrnnef  it 
pMcjpctated  lA  th«  turn  of  a  while  iaaolubla  powder,  bf  •dHag  pboapbato  of  soda  lo  luuriule  of  mad- 
paeM. 

t  Ateorilng  to  Dr  Jobo  MU  conpoitd  of  Protoiido    .    SSfii 

Water    .    .     lOl 
Caibonie  acid  94,16 

100, 
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free  from  it    It  is  also  found  in  some  animal  and  vegetaUa 
bodies,  and  in  several  mineral  waters. 

Iron  is  a  metal  of  a  blue  white  colour,  fusible  at  a  white  heat 
Its  specific  gravity  is  TyTS.  It  has  not  been  so  long  known  is 
"many  of  the  other  metals;  it  was,  however,  employed  in  the 
time  of  Moses  for  cutting  instruments.  It  is  extremely  ductile, 
but  cannot  be  hammered  out  into  very  thin  leaves. 

1092.  Iron  is  sometimes  found  native,  and  is.  usually  reprd' 
ed  as  of  meteoric  origin,  for  it  is  invariably  alloyed  by  a  por- 
tion of  the  metal  nickel,  and  a  similar  alloy  is  found  in  miUorie 
stones.     Native  Iron  is  flexible,  cellular,  and  often  contaiDS  a 
green  substance  of  a  vitreous  appearance.     It  has  been  {bund  io 
Africa,  in  America,  and  in  Siberia,  where  a  mass  of  it  wetghioff 
1600  lbs  was  discovered  by  Professor  Pallas.    The  mass  found 
in  Peru,  described  by  Don  Rubin  de  Celis,  weiehed   15  tool 
Many  masses  are  scattered  over  the  continent  of  North  Ameri- 
ca, for  which  see  Cleaveland's  Mineralogy^  583. 
SS**T*  n       1093'  ^T'^on  and  Oxygen, — Exposed   to  heat  and   air  iron 
^^^^  '  quickly  oxidizes,  or  in  common  language  rusts.     If  the  tempe- 
rature of  the  metal  be  raised,  this  change  goes  on  more  rapidly, 
and  when  made  intensely  hot,  takes  place  with  the  appearaoce 
of  actual  combustion.     Thus  the  small  fragments,  which  fly  from 
a  bar  of  iron  during  forging,  undergo  a  vivid  combustion  in  the 
atmosphere ;  and    iron  filings,  projected  upon  the  blaze  of  a 
torch,  burn  with  considerable  brilliancy.     The  oxide,  obtaioed 
in  these  ways  is  of  a  black  colour,  and  is  still  attracted  by  the 
magnet. 
Effect  of  wa.      1094.  By  contact  with  water  at  the  temperature  of  the  atmos- 
^'nte  ^^^'  P^^^i   ^^^"   becomes   slowly    oxidized,  and  hydrogen  gas  is 
non^emperar  ^^^j^^^^     j^  g^  \i^^Ti  Contended  by  Dr  Marshall  Hall  (t/bur. 

Roy.  Inst  vii.  bS)  that  water,  provided  it  be  entirely  deprived 
of  oxygen  gas,  and  secured  from  contact  with  atmospheric  airi 
does  not  oxidate  iron  at  common  temperatures ;  but  it  has  beea 
shown  by  M.  Guibourt  {Jinn,  de  Chitn.  et  Phys.  xi.  40)  that 
this  inaction  of  pure  water  on  iron,  takes  place  only  when  the 
quantity  of  metal  relatively  to  the  fluid  is  very  small ;  and  that 
a  temperature  of  from  120^  to  140^  F.  renders  water  decom- 
posable by  iron,  especially  when  the  metal  bears  a  considerable 
proportion  to  the  water. 

1095.  When  the  steam  of  water  is  brought  into  contact  with 
red-hot  iron,  the  iron  is  converted  into  the  black  oxide ;  and  an 
immense  quantity  of  hydrogen  gas  is  set  at  liberty  (351).  The 
iron  is  found  to  have  lost  ail  its  tenacity,  and  may  be  crumbled 
down  into  a  black  powder,  to  which  the  name  o{ finery  cinder 
was  given  by  Dr  Priestley.  In  composition  it  does  not  appear 
to  differ  from  the  oxide  of  iron  obtained  by  the  action  of  atmos- 
pheric air,  and  it  is  strongly  magnetic.  By  a  careful  repetition 
of  the  process,  Dr  Thomson  found,  that  100  grains  of  irooi 
ignited  in  contact  with  the  vapour  of  water,  acquire  29,1  grains 
of  oxygen. 
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1096.  When  iron  is  dissolved  in  diluted  sulphuric  acid,  the  acid  or  dilate  mi 
is  not  decomposed;  but  the  metal  is  oxidized  at  the  expense  of  p'*'^^''* 
the  water,  and  hydrogen  gas  is  obtained  in  abundance.  (328) 

Now  M  water  is  composed  of  two  volumes  of  hydrogen  and  one 
cf  oxygen,  a  quantity  of  oxygen,  equal  in  volume  to  half  the  hy- 
drogen gas  obtained,  must  have  combined  with  the  metal ;  that 
iSy  lor  every  200  cubic  inches  of  hydrogen,  oxygen  equal  to  100 
cubic  inches  or  33,8  grains  must  have  united  with  the  metal. 
Dr  Thomson,  from  an  experiment  of  this  kind,  calculated  that 
100  gruns  of  iron,  after  the  action  of  dilute  sulphuric  acid,  had 
gmined  87,5  of  oxygen.  It  is  to  be  considered,  however,  that 
the  purity  of  the  iron  employed  will  materially  affect  the  result; 
for  if  the  iron  contain  charcoal,  as  is  almost  always  the  case, 
eaHburetted  hydrogen  will  be  mixed  with  the  hydrogen ;  and  the 
hydrogen  in  this  gas  being  in  a  condensed  state,  the  apparent 
will  be  lets  than  the  real  quantity  of  hydrogen  disengaged. 

Iron,  by  all  the  different  processes  which  have  been  describ- 
ed, is  converted  into  an  oxide  of  a  black  colour,  having  the  same 
proportions  of  oxygen  and  metal,  and  still  retaining  the  mag- 
netic property.     H.  2.  18. 

1097.  Tht  protoxide  of  iron  may  be  procured  by  precipitat-  Prowiide. 
ing  a  solution  of  sulphate  of  iron  by  potassa,  washing  the  pre- 
cipitate oal  of  the  contact  of  air,  and  drying  it  at  a  red  heat.     It 

is  black,  and  consists  of  28  iron  -|-  8  oxygen  =  36.  It  is  sup- 
posed by  M.  6ay-Lussac,  that  in  drying,  an  additional  propor- 
tion of  oxygen  is  always  absorbed,  and  that  the  black  oxide  is 
a  deutoxide  composed  of  100  metal  -f-  37,8  oxygen  :  [Jinn,  de 
Chitn.  ei  Phys.  Tom.  i.)  but  there  is  some  reason  to  doubt  the 
accuracy  of  this  conclusion. 

The  recently  precipitated  protoxide  of  iron  is  sparingly  solu- 
ble in  ammonia,  and  in  carbonated  alkalies. 

Black  protoxide  of  iron  may  also  be  obtained  by  burning  iron 
in  oxygen  gas ;  this  very  beautiful  experiment  was  devised  by 
Dr  ingenhouz,  and  is  best  performed  by  attaching  a  straight 
piece  of  watch  spring,  wound  round  with  harpsichord  wire,  to 
die  stopper  of  an  air-jar  of  oxygen  gas  (262):  as  the  wire  burns, 
it  drops  in  black  gobules  of  oxide  into  the  water  beneath. 

This  oxide  of  iron  used  to  be  prepared  for  pharmaceutical  use, 
by  moistening  iron  filings  with  a  small  quantity  of  water,  and 
exposing  them  to  the  air  for  a  day  or  two;  a  quantity  of  black 
oxide  thus  forms,  which  is  separated  by  washing,  and  the  pro- 
cess repeated  till  the  whole  of  the  metal  is  thus  oxidized.  It 
was  called  martial  ethiops.  It  is  black,  tasteless,  and  insoluble 
in  water. 

1098.  When  protoxide  of  iron  is  boiled  in  nitric  acid,  and 
precipitated  by  ammonia,  washed,  and  dried  at  a  low  red  heat, 
it  increases  in  weight  and  acquires  a  brown  colour.  This  is 
ihe  peroxide*  composed  of  28  iron  +  12  oxygen  =  40.     It  may 

*  TritoxM  of  TheBtra.  U.  Ml .  •ait.  4. 
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be  also  obtained  by  igmling  green  vitriol  (H14) ;  and  was  for- 
merly known  by  the  name  of  crocus  marlis,  or  Saffron  tf/ 
Mars,  and  colcolhar. 

1099.  The  e(|uiv3lent  number  for  iron  is  founded  on  the 
presumption  thai  it  exists  as  a  protoxide  in  the  sulphate  :  dow 
100  grains  of  pure  iron,  during  solution  in  sulphuric  acid, 
evolve  170  cubic  inches  of  hydrogen  at  mean  Lempcrature  and 
pressure ;  and  consequently  85  cubic  inches  of  oxygen  =  88,73 
grshave  been  transferred  to  the  iron;  and  28,73  ;  100  :  :  8  :  27,8. 
The  quantity  of  oxygen  in  the  peroxide  of  iron  Is  shown  to  b» 
to  that  in  the  protoxide  as  3  to  2  by  the  following  experimcDl. 
100  grains  of  iron  were  dissolved  in  nitric  acid  and  the  solu- 
tion evaporated  to  dryness,  and  the  residue  siiflicieutly  heated  to 
drive  oti  the  whole  of  the  acid :  143  grains  of  peroxide  reruti^ 
ed.     So  that  the  composilion  of  these  oxides  stands  thus  : 


Iron      . 
Oxygen 


100 
SS.73 


100 


128.73  143 

And  28,73  :  43  :  :  8  :  12  =  IJ  proportional  of  oxygen. 

M.  Oay-Lussac  (tSnn.  de  Chim.  et  Phys  i.  aad  Ann.  de 
Chim.  Ixxx.)  has  detailed  some  experiments,  which  he  con- 
siders as  demonstrating  the  existence  of  a  third  definite 
oxide  of  iron,  intermediate  between  the  above  oxides,  and 
composed  of  iron  100  +  oxygen  37,8.  Such  a  compouiul 
he  thinks  is  obtained  by  passing  sleam  for  a  length  of  time  over 
red-hot  iron:  it  seems,  however  very  questionable  whether  thri 
be  a  definite  compound:  it  is  rejected  by  Berzelius,  who  only 
admits  the  oxides  above  described. 

M.  Thenard,  in  describing  the  oxides  of  iron,  {Traili  ii. 
Edit.  4.  339]  considers  the  ocloedral  and  magnetic  iron  oresss 
composed  of  this  deuoloxide,  and  does  not  allow  of  the  existence 
of  native  protoxide  of  iron.  In  the  present  state  of  the  questioo, 
however,  I  should  feel  rather  inclined  to  view  this  deuioxtde  » 
a  mixture  of  the  protoxide  and  peroxide,  than  as  any  definite 
compound,  more  especially  as  the  analyses  of  the  native  mag- 
netic oxides  give  variable  proportions  of  oxygen.     B. 

In  order  that  the  representative  number  of  iron  may  also  be 
its  equivalent  number,  it  is  represented  by  38.  But  the  perox- 
ide, instead  of  consisting  of  1  proportional  metal  +  8  oxygen, 
consists  of  1  proportional  metal -J-  1,5  oxygen  ;  and  the  chlorida 
and  perchloride  bear  the  same  relation  to  each  other.  The  ewe 
however  is  different  with  the  sutphurets  ;  for  the  sulphnret  con- 
sists of  I  proportional  iron  +  1  sulphur  :  and  the  bi-sulphui«tof 
1  iron  +  3  sulphur. 

M.  Gay-Lussac  has  shown  the  curious  fact,  that  although  I«<1^ 
hot  iron  decomposes  water,  hydrogen  is  capable  of  decomposing 
all  the  oxides  of  iron  at  a  red  heat. — ^iin.  de  Chim  et  Phvs 
i.  37.  * 
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1100.  The  Native  Oxides  of  Iron  constitute  a  very  exten-  ^^^^ 
flive  and  important  class  of  metallic  ores.  They  vary  in  colour,  Oxid«f. 
depending  upon   mere  texture  in  some  cases ;  in  others,  upon 

the  degree  of  oxydizement.  Some  varieties  are  magnetic ,  and 
those  which  contain  least  oxygen  are  attracted  by  the  magnet. 
The  most  important  are  Magnetic  Iron  Ore,  which  occurs 
massiyei  and  crystallized  in  octo^dra.  Its  specific  gravity  is 
4j5.  It  is  often  sufficiently  magnetic  to  take  up  a  needle.  It 
occurs  chiefly  in  primitive  countries,  and  is  very  abundant  at 
Roal^en  in  Sweden,  where  it  is  manufactured  into  a  bar-iron 
particularly  esteemed  for  making  steel. 

Aoother  variety  of  oxide  of  iron  is  called  iron  glance,  and 
micaceous  iron  ore.  It  is  found  in  the  isle  of  Elba ;  and  among 
Tolcaoic  products.  A  third  variety  is  Hssmaiile,  or  red  iron- 
stone; it  occurs  in  globular  and  stalactitic  masses,  having  a 
fibrous  and  diverging  structure.  Most  of  the  British  iron-plate, 
and  wire,  is  made  from  it. 

A  fourth  variety  of  oxide  of  iron  is  known  under  the  term  of 
clay  ironstone,  on  account  of  the  quantity  of  argillaceous  earth 
with  which  it  is  contaminated.  Though  this  is  far  from  the 
purest  iron  ore  found  in  Great  Britain,  it  is  the  chief  source  of 
the  east  and  bar-iron,  in  ordinary  use.  Its  employment  is  chiefly 
referable  to  the  coal  which  accompanies  it. 

The  essential  part  of  the  process  by  which  these  ores  of  iron 
are  reducedi  consists  in  decomposing  them  by  the  action  of  char- 
coal at  high  temperatures.  The  argillaceous  iron  of  Wales, 
Shropshire,  &c.  is  first  roasted,  and  then  smelted  with  lime-stone 
and  coke:  the  use  of  the  former  being  to  produce  a  fusible  com- 
pound with  the  clay  of  the  ore,  by  which  the  latter  is  enabled 
to  act  upon  the  oxide,  and  to  reduce  it  to  the  metallic  state. 

1 101.  The  two  oxides  of  iron  form  distinct  salts  with  the 
acids. 

The  salts  containing  the  black  oxide  are  of  a  green  colour, 
mostly  cry  stall  izable,  become  reddish  brown  by  exposure  to  air, 
and  their  solutions  absorb  nitric  oxide  gas  and  become  of  a  deep 
olive  colour.  The  salts  with  the  brown  oxide  do  not,  with 
very  few  exceptions,  crystallize:  they  are  brown,  soluble  in 
alcohol,  and  do  not  absorb  nitric  oxide. 

The  alkalies  precipitate  hydrated  oxides  from  these  solutions. 

1102.  Iron  and  Chlorine  unite   in  two   proportions;  the 
chloride  may  be  obtained  by  evaporating /7ro/07/iuna/e  of  iron  chioridt. 
to  dryness,  and  exposing  the  residuum  to  a  red  heat,  out  of  the 
contact  of  air.     A  grey  brittle  lamellar  substance  is    formed, 
which  when  analyzed  by  Dr  Davy,  was  found  to  consist  of 

Chlorine.  .  .  .  53,2 100 113,63  cemroiUion 

Iron 46,8 88 100. 

100. 


\ 


In  ihia  case  the  results  of  analysis  do  not  agree  wilh  theory, 
for  if  coiislitutcd  of  1  atom  of  chlorine  =  36+1  atom  of  iron 
=  38,  iis  composilion  ought  to  be 

Chlorine  ....  56,3 100 128,85 

lion 43,7 77,6  ....   100 

100.  H.  2.  SI. 

1103.  When  iron  wire  is  heated  in  chlorine,  it  burns  with  ■ 
red  light,  and  produces  a  compound  which  rises  in  beautiful 
brown  scales.     It  ia  ihe  perchtoride  o/iron.     It  consists  of 

Chlorine  ....  66,1 100  ...  .   194,174 

Iron 33,9 51,5  .  .  .   100. 

100. 
In  this  case  we  have  also  the  apparent  anomaly  of  ao  atom 
and  a  half  of  chlorine  being  united  with  an  atom  of  iron,  for 
100  T  51,5  :  :  36  X  M  =  5-1,28.  If.  2.  23.  This,  and  similar 
anomalies,  are  best  reconciltd,  Dr  Henry  conceives  by  multiply- 
ini;  by  2  the  numbers  expressing  the  proportions,  which  will 
make  the  raiio  as  2  to  3,  instead  of  as  1  to  li.'  The  chloride 
and  perchloridc  of  iron  produce  joro/omi/na/e,  and ptrmuriale 
of  iron  when  acted  upon  by  water. 

1104.  Muriate  of  Iron.  Muriatic  acid  dissolves  iron  and  its 
oxides  with  gi-eat  ease;  and  aflurds  two  distinct  salts,  differing 
from  each  other  according  to  the  state  of  oxidation  of  the  metal. 
The  muriate  containing  the  black,  or  protoxide,  is  green,  and 
that  conlaining  ihe  oxide  at  the  maximum,  or  peroxide,  red. 

1105.  The  green  or  protomuriale  of  Iron  is  best  obtaioed 
by  digesting  black  sulphuret  of  iron  in  dilute  muriatic  acid  ;  sul- 
phuretled  hydrogen  is  evolved,  and  a  green  solution  obtained, 
which,  filtered  and  evapwaied,  yields  pale  green  crystals,  very 
soluble,  and  of  a  styptic  taste.  This  salt  abundantly  absorbs 
nilric oxide  gas;  the  solution  is  of  a  very  deep  brown  colour  i 
when  heated,  red  oxide  of  iron  falls  and  a  porlioo  of  ammonii 
is  formed  ;  a  great  part  of  ihe  gas  at  the  same  time  escapes. 

This  salt  may  also  be  obtained  by  dissolving  iron  iilings  in 
muriatic  acid  excluded  from  air ;  but  the  above  process  is  prefer- 
able, as  the  sulphuretted  hydrogen  prevents  any  part  of  the 
iron  passing  into  the  state  of  permuriale, 

1106.  Permuriale  of  Iron  is  formed  by  digesting  the  perox- 
ide in  muriatic  acid  :  it  dissolves  without  the  evolution  of  chlo- 
rine, and  when  evaporated  to  dryness,  furnishes  a  reddish  brown 
deliquescent  mass  of  a  very  astringent  taste,  soluble  both  in 
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water  and  micohol.  It  forms  the  basis  oflhe  finciura  muriaiu 
Jtrri  of  the  Pharmaeopctia.  Permuriate  of  iroo  is  also  form- 
ed by  exposing  the  protomuriale  to  air. 

Berzelius  detcribes  a  striking  experiment  founded  on  this  ^^g^ 
property.  If  a  solution  of  the  green  muriate  be  exposed  to  the 
atmosphere,  in  a  tail  cylindriciJ  glass  jar«  for  some  days,  and  a 
few  drops  of  pure  ammonia  be  then  introduced  at  different 
depths^  by  means  of  a  tube,  the  precipitate  formed  near  the  sur- 
&oe  ^U  be  green,  a  little  lower  blue ;  still  lower  greyish  ;  then 
of  a  dirty  white ;  and  at  the  bottom  perfectly  white,  provided 
time  has  not  been  allowed  for  the  atmospheric  oxygen  to  pene- 
trate so  low.     H.  2.  25. 

1107.  When  permuriate  of  iron  is  exposed  to  heat,  muriatic 
acid,  chlorine,  and  water  are  evolved,  chloride  of  iron  sublimes, 
and  a  portion  of  peroxide  remains  in  the  retort. 

1108.  When  muriate  of  ammonia  and  peroxide  of  iron  are 
mixed  and  exposed  to  heat  in  a  proper  subliming  vessel,  a  yel- 
low sublimate  is  obtained,  which  is  the  ens  veneris  and  ^flares 
mariiales  of  old  pharmacy :  the  amnwnice  etferri  murias  of 
the  Pharmacopceia  ;  it  consists  chiefly  of  muriate  of  ammonia, 
with  a  small  but  variable  proportion  of  per-miiriate  of  iron.* 

1109.  Nitrate  of  Iron,    The  nitric  acid  dissolves  the  pro-  Hiini». 
toxide  and  peroxide  of  iron,  and  produces  a  f^fien  proto-nitratt 

and  a  red  pemitrate.  In  its  concentrated  state  the  acid  scarcely 
acts  upon  iron,  but,  when  diluted  with  a  small  quantity  of  water, 
it  dissolves  iron  with  great  vehemence ;  and  with  the  extrica- 
tion of  a  large  quantity  of  impure  nitrous  gas.t  H.  A  solution 
is  formed  of  a  reddish  brown  colour  containing  j^^r-mVra/e  of 
iron,  and  affording  a  brown  precipitate  to  the  alkalies. 

If  the  nitric  acid  be  considerably  diluted,  (sp.  gr.  1,16)  the 
action  is  slow  and  very  little  gas  escapes  ;  the  solution  acquires 
an  olive  brown  colour  from  the  nitric  oxide  which  it  contains, 
but  exposed  to  the  air  it  becomes  pale  green,  in  consequence  of 
the  escape  of  that  gas.  The  alkalies  produce  a  green  precipitate 
in  this  solution :  it  cannot  be  obtained  in  crystals  by  the  usual 
process,  and  passes  into  pemitrate  by  exposure  to  air. 

'1110.  To  obtain  nitrate  of  iron,  in  which  the  oxide  is  at  the  Method  •f 
minimum,  acid  of  the  specific  gravity  of  1,25,  or  even   less,  °JJ*'i"'"«*" 
must  be  used  ;  the  iron  must  be  added  in  large  pieces,  and  at  w^j. 
distant  intervals,  and  the  operation  carried  on  without  the  access 
of  air.     When  this  solution  is  made  on  a  large  scale  for  the  pur- 
poses of  the  dyer,  it  is  proper  to  connect  the  vessel  in  which  it 
is  prepared,  with  a  large  receiver;  for  in  the  latter,  a  quantity 
of  nitrous  acid  will  be  found,  which  is  worth  the  trouble  of  col- 
lecting.    H.  2.  24. 

1111.  Sulphur  and  Iron.     Iron  combines  with  sulphur,  and  ®"*p^»~»- 
affords  compounds,  the  characters  of  which  vary  greatly  accord- 

*  Iodi$u  and  Iron  rradily   form  a  browo  rompooDd,  <u«ible  at  a  red  lieat«  and  which,  when  •ct''4 
oa  by  water,  forrat  a  kydriodatt  of  a  gnen  colour. 

*  A  mfxtiire  of  nititm  aod  oitrie  oxides. 
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ing  lo  the  proportions  of  Iheir  components,  (a)  A  pesle  of 
iron  filings,  sulphur  and  water,  if  in  sufficient  quantity,  will 
burst,  afier  some  time,  into  a  flame.  (A)  A  mixture  of  one  part 
of  iron  filings  and  Ihree  parts  of  sulphur,  accurately  mixeii,  acil 
melted  in  a  glass  lube,  at  the  moment  of  union,  exhibit*  t 
brilliant  combustion.  The  best  method,  however,  of  eSectitu( 
the  combination  of  iron  and  sulphur  is  to  lake  a  bar  of  the  tnetil, 
while  ofa  glowing  heal,  from  n  smith's  forge,  and  to  rub  it  with 
a  roll  of  sulphur.  "The  compound  of  iron  and  sulphur  falls  down 
in  drops,  and  may  be  preserved  in  a  phial.  Of  the  compounds 
of  sulphur,  this  is  one  of  those  which  are  best  adapted  for  afford- 
ing  pure  sulphuretted  hydrogen  gas  with  diluted  acids,  (c)  The 
sulpliuret  of  iron,  when  moislcned,  rapidly  decomposes  osygen 
gas,  and  passes  to  the  state  of  sulphate,  (cl)  When  diluted 
sulphuric  or  muriatic  acid  is  poured  on  it,  we  obtain  sulphuret- 
ted hydrogen  gas. 

In  the  sulphuret,  made  artificially  by  fusion,  as  well  as  io  the 
native  sulphuret,  iron  (it  has  been  shown  b)  Proust  and  Mr 
Hatchett]  is  in  the  metallic  slate.  Two  compounds  of  iron  and 
sulphur  have  been  proved  to  exist,  the  one  wilh  a  smaller,  Ihe 
other  wilh  a  larger  proportion  of  sulphur.  The  former,  whicb 
is  distinguished  by  the  property  of  being  magnetic,  is  theprafo- 
su/phurel.  The  bi-sulphuret  is  known  only  as  a  natunl  pro- 
duct; it  is  not  magnetic,  is  nearly  insoluble  in  diluted  aulphuric 
and  muriatic  acids ;  and  gives  no  sulphuretted  hydrogen  gas  wilh 
acids.  But  the  proto-sulphuret  is  readily  soluble  in  dilute  acids, 
and  gives  during  solution  abundance  of  sulphuretted  hydn^en. 
It  is  composed  of  28  iron  -f  l(i  sulphur;  and  the  yellow,  or 
bi-sulphurcl,  of  28  iron  +  32  sulphur. 

1112.  The  natural  sulphurets  of  iron  are  called  iron pyrttrs, 
and  Mr  Hatchett  has  shown  that  the  magnetic  pyrites  contains 
just  half  the  proportion  of  sulphur  existing  in  the  common 
pyrites.     (Phil.  Trans.  1S04.) 

The  principal  use  of  pyrites  is  in  the  formation  of  green 
vitriol,  for  which  purpose  the  ore  is  gently  roasted  and  exposed 
to  air  and  moisture.  Some  varieties  are  spontaneously  decom- 
posed, and  furnish  this  salt.  Pyrites  has  also  lately  been  used 
in  the  production  of  sulphuric  acid.  (513) 

1113.  Sulphate  of  Iron.  When  diluted  sulphuric  acid  is 
made  lo  act  upon  iron,  we  obtain  a  compound  of  that  acid  with 
the  protoxide,  a  protosulphnte  of  iron-  The  solution  yields 
crystals,  which  have  a  beautiful  green  colour,  and  the  shape  of 
oblique  rhombic  prisms,  not  of  rhomboi<ls  as  is  sometimes  repre- 
sented.+  They  have  a  styptic  taste,  and  are  soluble  in  about  2 
of  cold  parts  and  JUis  their  weight  of  boiling  water,  but  insolu- 
ble in  alcohol. 

1114.  This  salt  Is  called  copperas  or  green  vitriol,  and  is 
often  prepared  by  exposing  roasted  pyrites  to  moisture,  in  which 
case  it  is  impure.  It  is  usually  formed  by  dissolving  iron 
filings  or  turnings,  in  dilute  sulphuric  acid,  filtering  and  evap- 
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orating  the  solution,  and  setting  it  aside  to  crystallize.  It  is 
also  obtaiDedi  perfectly  free  from  persulphate,  by  acting  upon 
sulphuret  of  iron  by  dilute  sulphuric  acid.  It  consists  of  one 
proportional  of  protoxide  =  36  -{-  1  proportional  of  acid  s  40, 
and  in  its  crystallized  state  contains  seven  proportionals  of 
water  s  63.  Its  solution  absorbs  nitric  oxide  gas,  and  acquires 
a  deep  brown  colour;  it  also  absorbs  chlorine,  muriatic  acid  is 
Ibrmed,  and  the  iron  becomes  peroxidized  so  that  water  is  here 
decomposed. 

1 115.  Exposed  to  air  and  moisture,  the  protosulphate  of  iron  Absorbs  oxy. 
gradually  alnorbs  oxygen,  and  is  partly  converted  into  a  per-  mk  tu  irr." 
sulphate.    It  may  also  be  converted  into  persulphate  by  nitric 

aeid.  When  heated,  it  fuses  in  its  water  of  crystallization,  and 
at  a  high  temperature  evolves  a  mixture  of  sulphurous  and  sul- 
phuric acids,  peroxide  of  iron  remaining  in  the  vessel :  by  this 
process  sulphuric  acid  used  formerly  to  be  prepared,  and  the 
residue  was  known  under  tlie  name  of  caput  vnartuum  vitrioli 
or  eoleoihar.  If  the  green  crystals  of  this  salt  be  exposed  to  a 
temperature  of  about  300^,  they  lose  a  portion  of  water,  and 
crumble  down  into  a  white  powder. 

1116.  Native  Green  Vitriol  is  frequently  found  associated  n.ut« 
with  iron  pyrites,  being  produced  by  its  decomposition  :  it  oc- 
curs in  some  coal  mines. 

III7-  Persulphate  of  Iron  is  obtained  by  dissolving  the  p^^^^  ^^^^ 
moist  red  oude  in  dilute  sulphuric  acid ;  it  does  not  crystallize, 
but  affords,  by  evaporation,  a  brown  deliquescent  mass,  consist- 
ing of  1  proportional  of  peroxide  +  Ifi  sulphuric  acid,  or  40 
oxide  -f-  60  sulphuric  acid.  It  is  formed  in  the  mother  waters 
of  the  sulphate.  Its  taste  is  highly  astringent,  and  when  dry  it 
becomes  white :  if  in  this  state  it  be  digested  in  hot  sulphuric 
acid,  or  if  peroxide  of  iron,  recently  precipitated  from  the  per- 
nitrate,  be  boiled  with  excess  of  sulphuric  acid,  the  solution 
yields  octo^dral  crystals  nearly  white,  and  of  a  sweetish  styptic 
taste  :  these  are  probably  a  bi-persuiphate  of  iron.* 

1118.  Phosphuret  of  Iron  may  be  formed  by  dropping  phos-  p|,o,pi,«rrt 
phorus  into  a  crucible  containing  red-hot  iron  wire ;  it  is  a  brit- 
tle grey  compound,  and  acts  upon  the  magnet.  Upon  the  sub- 
ject of  the  magnetic  qualities  of  the  sulphuret  and  phosphurct 
of  iron,  the  reader  is  referred  to  Mr  Hatchett's  analysis  of  the 
magnetic  pyrites.     {Phil,  Trans.  1804.) 

*  Wb«a  A  lelutioo  of  protO'MilpbBte  of  iron  it  faitateil  with  acc^u  of  air.  part  of  the  pratoiide  f.'a4s«^ 
to  the  ftate  of  pcroii4«,  and  combioing  with  a  portioD  of  acid,  falls  dnwii  in  th«  form  of.  a  yellow  po  w- 
dc-r,  wbieb,  ar.cordinf  to  Bp.rKcliofl,  ii  a  sulphate  of  the  peruxide  with  txctsi  of  bait,  or  a  tub-sulyhntf. 
The  proportiont  of  its  components  arc 

AtOBU. 

Sulpbaric  acid 16,5   .  .  •  .  .  1 ^   40 

Peroxide  of  iron 63, 4 ^  160 

Water 'il,5 G =    54 

100.  254 

Other  snlphatas.witb  base  of  peroxide  of  iron  fcallf  d  from  the  atomic  proportions  of  their  coa.':t:tu^nl{ 
f*r-bitulpkit:»,  and  p*r-quadritulpkat€),  have  bfco  invi-jtig^ated  hj  Dr  Thomson  and  others,    (.inn 
PkiUt,  K.  108.     xiii.  466  and  '298.)  i  but  no  s-ilphst^  of  p-'toilde  with  fu-rft  />/'  aeid  'm  y-t  Ln  ••\r 
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1119.  Phosphalta  of  Iron.  These  are  both  insoluble,  aod 
may  be  formed  by  adding  solution  of  phosphate  of  soda,  to  pro- 
tosulphale  and  persulphate  of  iron.  The  protophoaphale  of  inu 
is  of  a  pale  blue  colour;  ihe pcrjjAosjihate  is  white.  Boih  ha« 
been  analyzed  by  Vogel  ;  but  his  results  do  not  coincide  strictly 
with  any  atomic  proportions.' 

1120.  Native  Protophospkateof  Ironoccma  in  the  form  of* 
blue  earthy  powder,  and  also  in  prismatic  crystals. t  The  for- 
mer has  sometimes  improperly  been  termed  Native  Pruwan 
Blue,  and  has  been  found  in  alluvial  soil :  the  latter  occurs  witb 
iron  pyriles  in  Cornwall. 

1121.  Iron  and  Carbon.  Iron  combines  with  carbon  tn 
various  proportions;  and  the  varieties  of  proportion  occasion 
great  diflerencea  of  properties  in  the  compounds.  On  these 
varieties,  and  the  occasional  combination  of  a  small  proportion 
of  oxygen,  depend  the  qiialilies  of  the  different  kinds  of  Iron 
used  in  the  arts,  as  cast-iron,  steel,  &c.  &c. 

1 123,  The  substance  termed  Plumbago,  Graphite,  or  Black 
Lead,  is  generally  regarded  as  a  true  carburet  of  iron :  this  ii 
not  an  uncommon  mineral,  though  rarely  found  of  snfficieDt 
purity  for  the  manufacture  of  pencils  ■.%  the  coarser  kinds  sad 
the  dust,  are  melted  with  sulphur  to  form  common  carpenters' 
pencils:  crucibles  are  sometimes  made  of  it,  and  it  formB  u 
ingredient  in  compositions  for  covering  cast-iron,  and  for 
diminishing  friction  in  machines.  According  to  Messrs  Alkn 
and  Pepys  it  consists  of 


S5  carbon  +  5  iron  = 


100. 


It  may  here  be  observed  that  considerable  diESculty  attends 
the  accurate  analysis  of  compounds  of  carbon  and  iron,  in  esti- 
mating the  proportion  of  the  former:  ibis  has  generally  been 
indirectly  effected  by  ascertaining  the  quantity  of  iron,  and 
considering  the  los^  of  weight  as  carbon,  a  method  obvioutly 
objectionable.  If  the  action  of  dilute^ulphuric  acid  be  resorted 
to,  a  portion  of  carbon  is  carried  off  by  hydrogen  ;  the  stmc 
is  the  case  with  muriatic  acid ;  and  if  nitric  acid  be  used,  some 
carbonic  acid  may  be  formed,  and  artificial  tannin  is  produced. 

Plumbago  burns  with  great  difliculty  :  its  composition  was 
ascertained  by  the  above-meniioncd  chemists,  by  exposing  it  in 
the  apparatus  used  for  burning  the  diamond,  to  a  current  of 
oxygen  at  a  red  beat,  and  ascertaining  the  quantity  of  carbonic 
arid  and  of  oxide  of  iron  thus  produced  ||  It  has  been  fused  by 
Professor  Silliman  by  means  of  Dr  Hare's  Deflagrator ;  the 
fused  portions  presenting  various  shades  of  white,  brown,  ain- 
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ber  tnd  topaz  colours.  Some  of  the  white  globules  obtained  in 
these  experiments,  were  perfectly  limpid  and  could  not  be  dis- 
tingaished  by  the  eye,  from  portions  of  diamond ;  other  globules 
resembled  calcedony.  Similar  results  were  obtained  by  means 
of  the  compound  blow-pipe.  (See  ^American  Joumaly  vi.  344, 
&c.) 

1123.  Carbonic  acid  may  be  combined  with  the  protoxide  l^ilTi^^^' 
of  iron,  by  adding  carbonate  of  potassa  to  sulphate  of  iron  ;  a 
green  precipitate  of  protocarbonate  of  iron  falls,  which  expos- 
ed to  air,  becomes  brown,  and  evolves  carbonic  acid.     Solution 

of  bi-earbonate  of  potassa  occasions  a  white  precipitate  with  sul- 
phate of  iron,  part  of  which  is  re-dissolved  on  adding  excess  of 
the  carbonated  alkali. 

1124.  When  hydrocyanate  of  potassa  is  added  to  the  solu- 
tions of  salts  of  iron,  it  occasions  a  bluish  white  precipitate  in 

those  containing  the  protoxide,  and  a  blue  precipitate  in  those  ^™'"*"""*- 
containing   the  peroxide.    The  former  precipitate   is   proba- 
bly a  ferrocyanate  of  iron,  containing  the  protoxide ;  the  lat- 
ter, a  ferrocyanate  containing  the  peroxide,  and  which  has  been 
long  known  under  the  name  of  Prussian  Blue. 

1125.  Prussian  blue  is  usually  prepared  by  the  following  pro-  Pn>e«M  for 
cess : — Equal  parts  of  subcarbonate  of  potassa  and  some  animal  I'^i'^"^' 
substance,  such  as  dried  blood,  or  horn  shavings,  are  heated  red 

hot,  in  a  erucible,  and  six  or  eight  parts  of  water  arc  poured 
upon  the  mixture  when  it  has  quite  cooled.  The  solution  is 
filtered,  and  found  to  contain  hydrocyanate  of  potassa^  along 
with  carbonate  of  potassa,  and  some  other  products.  It  is  mix- 
ed with  a  solution  containing  two  parts  of  alum  and  one  of  sul- 
phate of  iron ;  a  precipitate  falls,  at  first  of  a  dingy  green  hue, 
but  which,  by  copious  washings  with  very  dilute  muriatic  acid, 
acquires  a  fine  blue  tint,  and  is  called  Prussian  Blue^  having 
been  discovered  by  Diesbach,  a  colour-maker  of  Berlin,  in  1710. 
The  first  description  of  the  mode  of  preparing  it  is  given  by 
Woodward  in  the  Phil.  Trans,  for  1724. 

1126.  In  this  process  the  animal  matter  is  decomposed,  and  re- 
solved into  a  variety  of  products  arising  from  the  reunion  of  its  Thforr. 
ultimate  component  parts.  The  matter  remaining  in  the  cruci- 
ble contains  cyanuret  of  potassium,  and  when  acted  upon  by 
water,  hydrocyanate  of  potassa,  with  a  little  carbonic  acid  and 
ammonia,  is  formed  in  consequence  of  the  decomposition  of  a 
portion  of  the  water;  and  consequently  the  principal  salts  con- 
tained in  the  washings  of  the  black  matter  remaining  in  the  cru- 
cible are  carbonate  and  hydrocyanate  of  potassa,  which,  when 
added  to  a  solution  of  sulphate  of  iron,  form  a  precipitate  of 
oxide  and  ferrocyanate  of  iron ;  the  former  is  removed  by  the 
dilute  muriatic  acid.  The  aluminous  earth  of  the  alum  gives  a 
body  to  the  precipitate,  which  improves  it  as  a  pigment. 

The  above  seems  to  be  the  simplest  view  of  the  formation 
and  composition  of  Prussian  blue  ;  a  variety  of  other  opinions 


FERROCTAMATE    OF   POTASSA. 

respecting  iU  nature  liave  been  entertained,  but  Ihey  requiit  i 
further  experimental  verification."     B. 

1187.  The  Prussian  blue  of  commerce  is  an  impure  substance, 
and  contains  a  variety  of  other  matters,  especially  a  qitantiiy  of 
alumina.  For  chemical  experiments,  it  is  proper,  therefore,  to 
prepare  it  by  mixing  the  solutions  of  ferrocyanate  of  potasa 
and  persulphate  or  permuriale  of  iron,  and  wa:jhing  the  precipi- 
tate, first  with  muriatic  acid,  and  then  with  water.  If  a  salt  of 
iron  be  used,  containing  an  oxide  at  the  minimum  of  oxidation, 
the  precipitate  produced  by  ferrocyanate  of  polassa  is  while, 
and  continues  so  as  long  as  it  is  guarded  from  the  aclion  of  (lie 
atmosphere;  but  it  changes  to  blue  by  exposure  to  the  air, « 
by  mixture  with  any  agent  capable  of  imparling  oxy^n.  P<>- 
tassa  is  always  found  as  an  ingredient  of  the  while  prussiate. 

1123.  Prussian  blue  is  insoluble  in  water,  and  in  acid^,t  udIch 
when  they  are  concentrated  and  healed.  When  thoroughly 
dried,  it  shows  a  great  affinity  for  moisture,  by  absorbing  it 
rapidly  from  the  atmosphere.  It  is  not  decomposed  by  being 
heated  to  307°  F.  ;  but,  at  a  higher  temperature,  it  catches  fire 
and  burns  in  the  manner  of  tinder,  leaving  from  54  to  60  per 
per  cent,  of  oxide  of  iron. 

Prussian  blue  submitted  to  distillation  per  se  gin>  water, 
hydrocyanate  of  ammonia,  carbonic  acid,  and  other  gucs.J 
H.  2.  27. 

1 189.  When  Prussian  blue  is  boiled  with  potassa  it  is  decom- 
posed; it  loses  its  blue  colour,  oxide  of  iron  is  separated,  aod 
*■  on  filtering  and  evaporating  the  solution,  a  triple  salt  is  obtsin- 
ed,  consisting  of  hydrocyanic  acid,  potassa,  and  oxide  of  iron; 
this  has  been  cnUed  triple  prussiate  of  potassa,  ani/erroey- 
anate  of  potassa.  It  is  best  formed  by  adding  powdered  Prus- 
sian blue,  previously  heated  with  a  dilute  sulphuric  acid  com- 
posed of  one  part  of  acid  and  five  of  water,  and  afterwards 
washed,  to  a  hot  solution  of  potassa,  as  long  as  its  colour  ia  de- 
stroyed. This  salt  forms  permaneat  yellow  cubic  and  tibolir 
crystals,  more  soluble  in  hot  than  cold  water,  insoluble  in  alco- 
hol, and  of  a  peculiar  taste.  Boiled  witJi  dilute  sulphuric  or 
muriatic  acids,  hydrocyanic  acid  is  given  out,  and  a  pre- 
cipitate formed  similar  to   that  which   the  salt  produces  to  i 


Hrp«r>tl 

.TieO.ili 

[»r 

udcarirm.   Bw 

«Ua«it  ^sLi 

<.{  Ibe  « 

..  Uir  hrrocy^ 

!.(»»..»<»>. 

^%„.  PMU..  N 

RobUinei. 

0  Ibe  otl»r  h 

ikJ.««<l<r>it 

■  »Ciro..cwbM 

>i>li>fc>T«,'» 

tE  of  the  T' 

nvit  ud 

ilhoitM.  (.«•»>.  V>  Olin.  rt 

Fky. 

lU 

«i«)     H.t,« 

Dponbyd 

DU  Dilck.  > 

lph=ric«n, 

ml>«icidi.whl 

d<r. 

ilobwtlji^n- 

<«ll..lu<l..opin 

VrrKyault.  nr 

.eoB.lM>ui.d 

of  pcisiid 

of  iron  wi< 

U..  p.«di»  « 

ediiiisaudM 

,»^n  b,d«,. 

,oijn»,it. 

'•■1 

lB-Hd«P™ 

fwBi  &<•»! 

u.'  ttfftianti 

J«. 

tf 

p)iii,..ft.s.i.m 

»  be  •BoUicr  blu 

eompemid 

ttlbtnm 

climenu.  w 

»«. 

.iuMiicin  ll.< 

i\«av* 

.UUUK 

icb  it  >i  Brn 

>.l»U 

e-uiau  >■«•.< 

TIN-PLATE.  301 

sdution  of  proto-sulphate  of  iron.  It  is  decomposed  in  a  retort 
at  ft  red  heat,  hydrocyanic  acid  and  ammonia  are  evolved,  and 
the  residue  consists  of  charcoal ,  potassa,  and  iron. 

lldO.  MrPorrett(PAi7.  7Vflrn^.l814.)con8iderstheferrocyan-  FemMbyMio 
ates  as  compounds  of  the  respective  bases,  with  an  acid  consist-  ^^  ^  ^^ 
ing  of  the  elements  of  the  hydrocyanic  acid  united  to  the  pro- 
toxide of  iron.  This  acid  he  terms /errochyazic  acidj  derived 
from  the  initial  letters  of  carbon,  hydrogen  and  azote.  He 
obtained  this  acid  dissolved  in  water,  by  adding  to  a  solution  of 
ferrocyaoate  of  baryta  just  sulphuric  acid  enough  to  precipitate 
the  baryta.  It  has  a  pale  yellow  colour,  no  smell,  and  is  de- 
composed by  a  gentle  heat  or  strong  light,  in  which  case  hydro- 
cyanic acid  is  formed,  and  white  hydrocyanate  of  iron  is  depo- 
sitedy  which  becom.es  blue  by  exposure.  Gay-Lussac,  observ- 
ing the  production  of  the  ferrocyanate  of  potassa  by  adding 
protoxide  of  iron  to  hydrocyanate  of  potassa,  supposes  that  a 
portion  of  the  hydrocyanic  acid  is  decomposed  by  the  oxide, 
giving  rise  to  a  compound  of  cyanuret  of  iron  with  hydrocyanate 
of  potassa. 

list.  When  solution  of  ferrocyanate  of  potassa  is  added  to  Q\^%fttt\f* 
metallic  solutions,  precipitates  are  obtained  which  have  different  |^^n^Mi«. 
eoloars ;  (See  Tables),  and  which  appear  to  be  ferrocyanates,  ^^^mx 
for  when  treated  with  solution  of  potassa,  a  ferrocyanate  of  po- 
tassa is  obtained.* 

1139.  Tht  Jerrocf/anaies  of  ammonia^  soda ^  lime^  tnagne- 
skit  iorjfia  and  strontia^  may  be  obtained  by  boiling  Uiose 
alkalies  and  earths  with  Prussian  blue.t 

1133.  The  salts  of  iron  are  mostly  soluble  in  water  and  the 
solution  is  reddish  brown,  or  becomes  so  by  exposure  to  air.  It 
affords  a  blue  precipitate  with  ferrocyanate  of  potassa;  and  a 
black  precipitate  with  hydrosulphuret  of  ammonia.     Infusion  of 

E til-nuts   produces  a  black  or  deep  purple  precipitate.     The 
ydriodic  acid  occasions  no  change. 

1134.  Of  the  alloys  of  iron,  tin-plate  is  the  only  one  of  con- 
sequence. It  is  made  by  dipping  clean  iron  plates  into  melted  ^^^ 
tin.  The  process  is  described  at  length  by  Mr  Parkes.  {Bos- 
ton Jour,  of  Philos.  ii.  243.)  When  tin-plate  is  washed  over 
with  a  weak  acid,  the  crystalline  texture  of  the  tin  becomes 
beautifully  evident,  forming  an  appearance  which  has  been  called 
moiri  metallique. — Quarterly  Jour,  of  Science^  Vol.  v.  368. 

•  The  fcrTOCjaaate  of  poUtM  hai  bren  anajjrxcd  bj  Beneelim,  who  decompoved  it  bj  he&ttof  it 
with  paroxido  of  copper,  and  obtained  carbonic  acid  aodaxotic  (faset,  in  the  proiortioDt  in  wluch  tbej 
•re  CTolred  bj  the  dccompo»ition  of  cjanof^n.  via  3  volumes  of  the  foitner  and  one  of  the  latter. 
Heaec  be  coniidert  it  a«  a  cyanide,  and  not  a  ^'ruMiate.  and  deduces  iti  cotnpokition  to  be  two  atoms  of 
Tj-ani-JTr  of  potMsiom  -4-  1  atom  of  cyanide  of  iron.    Accordini;  to  Mr  Porrett  its  composition  is 


Alomj. 

Atomt. 

Potassa    40A4    .    .     1 

Azote    .    11,79    .    .     1 

Iron     .    11,76    .     .    s 

Hydrofen      ,84    .     .    I 

Carbon     10,17    .    .     4 

Water  .    16.1S    .    .    S 

— fonBiOf  I  Atom  of  ferrocyaaic  acid.    H.  1.  534. 

t  B^rmia  rflvn,  has  a  yeUow  colour  and  is  inMlnble ;  it  is  formf  d  by  adding  borate  of  soda  to  su! 

That*  of  iiva. 

1135.  An  extremely  important  part  of  the  chemical  history 
of  iron  relates  to  the  varieliea  of  the  metal  which  are  found  i 
commerce.  These  are  much  too  numerous  to  be  dwelt  upon 
here ;  so  that  we  shall  limit  our  observations  to  the  principal  of 
them  only,  which  are  cast  iron,  wrought  iron  and  steel. 

Of  cast  iron  there  are  two  principal  varieties,  distinguished 
by  the  terms  while  and  grei/.  The  first  is  very  hard  and  brit- 
tle, and  when  broken,  of  a  radiated  texture.  Acids  act  upon 
it  but  slowly,  and  exhibit  a  texture  composed  of  a  congeries  of 
plates,  aggregated  in  various  positions. — Daniell,  Quarterly 
Journal  of  Science  and  t^rts.  Vol.  ii.  2S0. 

Grey  or  mottled  iron  is  softer  and  less  brittle;  it  may  be 
bored,  and  turned  in  the  lathe.  When  immersed  in  dilute  muri- 
atic acid,  it  affords  a  large  quantity  of  hlack  insoluble  matter, 
which  Mr  Uaniell  considers  as  a  triple  compound  of  caibon, 
iron,  and  silicium,  and  which  has  some  very  singular  proper- 
ties. The  texture  of  the  meial  resembles  bundles  of  minute 
needles. 

1136.  Cast  iron  is  converted  into  wrought  iron  by  a  ciirioui 
process,  called  puddling.  The  cast  iron  is  put  into  a  rererbera- 
tory  furnace,  and  when  in  fusion  is  stirred,  so  that  every  part  may 
be  exposed  lo  the  air  and  flame.  After  a  lime  the  mass  heaves, 
emits  a  blue  flame,  and  gradually  grows  lough  and  becomes  less 
fusible,  and  at  length  congeals,  in  that  state  it  is  passed  succes- 
sively between  rollers,  by  which  a  large  quantity  of  extraneous 
matter  is  squeezed  out,  and  the  bars  are  now  malleable.  They 
are  cut  into  pieces,  placed  in  parcels  in  a  very  hot  reverberalory 
fiiruace,  and  again  hammered  and  rolled  out  into  bars.  They  are 
thus  rendered  more  tough,  flexible  and  malleable,  but  much  l«i 
fusible,  and  may  be  considered  as  nearly  pure  iron. 

Analysis  shows  that  cast  iron  contains  oxygen,  carbon,  ofies 
sulphur  and  phosphorus,  either  silica  or  silicium,  and  it  ap- 
pears  very  probable  that  calcium  exists  in  some  of  the  vari- 
eties. 

By  the  process  of  puddling  and  rolling,  these  substances  an 
burned  away  or  squeezed  out,  and  thus  malleability  is  conferred 
upon  the  metal  by  rendering  it  more  pure.  A  specimen  of  east 
iron  analyzed  by  Berzelius  afforded  iron  91, 53 — manganese  4,57 
— carbon  3,90. 
^  A  bar  of  wrought  iron,  when  its  texture  is  examined  in  the 
mode  pointed  out  by  Mr  Daniell,  presents  a  fasciculated  ap- 
pearance, the  fibres  running  in  a  parallel  and  unbroken  course 
throughout  its  length.  This  structure  may  be  well  seen  by 
tearing  a  bar  of  wrought  iron  asunder. 

1137.  Steel  is  a  compound  of  iron  with  carbon,  the  propor- 
tions being  variable.  It  combines  the  fusibility  of  cast  with  the 
malleability  of  bar  iron,  and  when  heated  and  suddenly  cooled 
it  becomes  very  hard,  whence  its  superiority  for  the  manufac- 
ture of  cutting  instruments.  If  kept  for  a  long  time  in  fusion, 
it  loses  carbon  and  becomes  pure  iron. 
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Iron  is  converted  into  steel  by  a  process  called  cementation^  ctmcDtatioa. 
which  consists  in  heating  bars  of  the  purest  iron  in  contact  with 
charcoal :  It  absorbs  carbon  and  increases  in  weight,  at  the  same 
time  acquiring  a  blistered  surface.  This,  when  drawn  down 
into  smaller  bars  and  beaten,  forms  tilted  steel;  and  this  broken 
up,  heated,  welded,  and  again  drawn  out  into  bars,  forms  shear 
Heel.  English  cast  steel  is  prepared  by  fusing  blistlered  steel 
with  a  flux  composed  of  carbonaceous  and  vitrifiable  ingredients, 
casiins  it  into  ingots,  and  afterwards,  by  gentle  heating  and 
earefiuly  hammering,  giving  it  the  form  of  bars. 

1138.  Messrs  Stodart  and  Faraday  found,  that  by  intensely 
beating  pure  steel  with  charcoal  powder,  9^  carburet  of  irony  of 
a  dark  grey  colour,  very  brittle  and  highly  crystalline  was 
formed^  which  afforded  upon  analysis 

94,36  iron  +  5,64  carbon  =  100. 

In  this  compound,  which  was  frequently  made  and  afforded 
the  same  results  on  analysis,  and  which  therefore  may  be  re- 
garded as  definite,  the  proportion  of  carbon  very  far  exceeds 
that  m  steely  so  that  the  latter  is  probably  a  compound  of  pure 
iron  with  a  variable  proportion  of  the  true  carburet 

1139.  The  following  table,  drawn  up  by  Mr  Mushet,  shows 
the  quantities  of  charcoal  which  disappeared  during  the  conver- 
sion of  iron  into  the  different  subcarburets  of  iron  known  in 
commerce. — Phil.  Mag.  xiii. 

ClMivoft]  absorbed.  RESULTS. 

1^7 soft  cast  steel, 

y^ common  cast  steel, 

yV     the  same,  but  harder, 

^      the  same :  too  hard  for  drawing, 

^j      white  cast  iron. 


I 

¥6* 


mottled  cast  iron, 


^^      black  cast  iron. 

When  the  carbon  amounts  to  ^^  of  the  whole  mass,  the  hard- 
ness is  at  a  maximum. 

1140.  Wootz  or  Indian  steel  is  truly  valuable  for  the  pur-  ^^^,^ 
pose  of  making  edge  tools.  Its  peculiar  excellence  is  owing  to 
combination  with  a  minute  portion  of  the  earths  alumina  and 
silica:  or  rather,  perhaps,  with  the  bases  of  these  earths.  {Quar^ 
terfy  Journal  of  Science^  vii.  288.)  Whether  the  earths  are 
found  in  the  ore,  or  are  furnished  by  the  crucible  used  in  mak- 
ing the  steel,  is  not  certainly  known ;  nor  is  the  Indian  steel- 
maker probably  aware  of  their  presence.     Wootz,  in  the  state 

in  which  it  is  imported,  is  not  fit  to  make  into  fine  cutlery.  It 
requires  a  second  fusion,  by  which  the  whole  mass  is  purified 
and  equalized,  and  fitted  for  forming  the  finest  edged  instru- 
ments. 

1141.  The  texture  of  steel,  as  exhibited  by  the  action  of  an  T"ui». 
acid^  is  not  fibrous,  but  appears  somewhat  lamcllatcd. 


1142.  When  sUel  is  heated  to  a.  cherry-red  colour,  and  ihoti 
plunged  into  cold  water,  it  becomes  so  extremely  hard  and  bril- 
tie,  as  to  be  unfit  for  almost  any  practical  purpose.  To  redutt 
it  from  this  extreme  hardness,  is  called  by  the  workmen  lem- 
pering,  and  is  effected  by  again  heating  the  steel  to  a  cerlaiii 
point.  The  surface  being  a  little  brightened  exhibits,  when 
heated,  various  colours  which  constantly  change  as  the  tempenh 
ture  is  increased,  and  by  these  colours  it  has  been  customary  to 
judge  of  the  temper  of  the  steel. 

A  more  accurate  as  well  as  convenient  method  is  to  asei 
bath  and  thermometer  ;  the  bath  may  be  of  mercury,  or  of  tiie 
fusible  mixture  of  lead,  tin,  and  bismuth,  or,  indeed,  of  any 
fluid  whose  boiling  point  is  not  much  under  600°.  Into  thij 
bath  the  articles  to  be  tempered  arc  put,  together  with  the  bulb 
of  a  thermometer  graduated  to  near  tlie  boiling  point  of  mercu- 
ry. The  corresponding  degrees  at  which  the  various  cotoun 
appear,  are  from  430°  to  600°.  The  first  change  is  at  about 
430°,  but  this  is  too  faint  to  be  distinguished,  except  by  com- 
parison with  another  piece  of  untempered  polished  steel.  At 
460°  the  colour  is  straw,  becoming  deeper  as  the  temperature  is 
increased  j  at  500°  the  colour  is  brown;  this  is  followed  by  a 
red  tinge  with  streaks  uf  purple,  then  purple,  and  at  nearly 
600°  it  is  blue. 

The  degrees  at  which  the  respective  colours  are  produced 
being  thus  known,  it  follows  that  the  workman  has  only  to  heat 
the  bath,  with  its  contents  up  to  the  required  point.  For  exam- 
ple, suppose  the  blade  of  a  penknife  (or  one  hundred  of  them) 
to  require  tempering:  they  are  suffered  lo  remain  in  the  bath 
until  the  mercury  in  the  thermometer  rises  to  460°,  and  no 
longer,  that  being  the  heat  at  which  the  knife  (supposing  it  lo 
be  made  of  the  best  English  cast  steel)  will  be  sufficiently 
tempered. 

The  advantages  attending  this  method  are  obvious :  the  heit 
is  equally  applied  to  the  whole;  and  the  workman,  instead  ol 
attending  to  the  colour  of  each  blade,  has  only  to  observe  the 
thermometer. 

1 143.  Some  recent  experiments,  proving  that  steel,  for  certain, 
uses,  is  sufficiently  tempered  long  before  it  is  heated  to  produce 
any  change  of  colour,  promise  to  give  additional  value  to  thii 
process  by  a  thermometer.  The  knife  edges  attached  Lo  tlie  pen- 
dulum described  by  Capt.  Katcr,  {Phil.  Trans.  1818,  p.  38.) 
were  forged  by  Mr  Stodart,  from  a  piece  of  fine  wootz.  They 
were  carefully  hardened,  and  tempered  in  the  bath  at  430°;  on 
trial  they  were  found  too  soft.  They  were  a  second  time  hard- 
ened, and  then  heated  to  212°.  The  intention  was  to  increisf 
the  heat  from  that  point,  trying  the  temper  at  the  advance  of 
about  every  ten  degrees.  In  the  present  instance  this  was  not 
necessary,  the  heat  of  boiling  water  proving  to  be  the  exact 
point,  at  which  the  knife  edges  were  admirably  tempered. 
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highly  probable  that  steel,  for  many  uses,  may  be  suffi- 
tempered  in  a  range  so  extensive  as  from  212°  to  430°, 
Y  the  thermometer,  all  the  intervening  degrees  may  cer- 
be  ascertained. 

t  the  colour  produced  on  the  surface  of  heated  steel  is  the 
»f  oxidation,  is  proved  from  the  circumstance  that  when 
I  heated  and  suffered  to  cool  under  mercury  or  oil,  none 
colours  appear :  nor  do  they  when  it  is  heated  in  hydro- 
nitrogen. 

1  admits  of  being  alloyed  with  several  other  metals,  and  ^n^^., 
oys,  as  appears  from  a  recent  investigation  of  Messrs. 
t  and  Faraday*  are  applicable  to  various  uses. 


Section  X.     Zinc. 

I.  Zi>'c  is  found  in  the  state  of  oxide  and  of  sulphuret  Method  of 
'  be  obtained  pure  by  dissolving  the  zinc  of  commerce  in  obuiDiof 
sulphuric  acid,  and  immersing  a  plate  of  zinc  for  some  ^^  "°'^' 
in  the  solution,  which  is  then  filtered,  decomposed  by 
ate  of  potassa,  and  the  precipitate  ignited  with  charcoal  in 
1  or  earthen  retort. 

imon  zinc,  known  in  commerce  by  the  name  of  speltre^ 
lUy  contains  a  portion  of  lead,  copper,  iron,  traces  of 
c  and  manganese,  and  a  little  plumbago :  these  impurities 
3  in  the  form  of  a  black  powder  when  it  is  dissolved  in 
sulphuric  acid. 

:  is  a  bluish  white  metal,  specific  gravity  7,  malleable  at 
but  very  brittle  when  its  temperature  approaches  that  of 

which  is  about  680°.     It  is  somewhat  ductile,  but  its 
ossesses  little  tenacity. 

S.  Oxide  of  Zinc  is  obtained  by  heating  the  metal  ex-  oiide. 
to  air.  At  a  red  heat  it  takes  fire,  burns  with  a  bright 
and  is  converted  into  a  white  flocculent  substance,  for- 
called  pompholixj  nihil  alburn^  philosopher's  wooly  and 
s  of  zinc.  This  oxide,  however,  when  once  deposited, 
>nger  volatile ;  but  if  exposed  to  a  violent  heat,  runs  into 

It  has  been   examined  with  much  attention  by  Proust,  composiuon. 
bund  it  to  consist  of  80  pkrts  of  zinc  and  20  oxygen, 
ussact  and   Berzelius}   have  since  investigated  it,   and 
in  considering  it  as  composed  of 

Zinc  .  .  .  80,39 100 

Oxygen    .  19,61 24,4 

100,  124,4 

equivalent  number  deducible  for  zinc  from  the  composi-  EquivRieot 
the  oxide,  is  41  on  Dr  Wollaston's  scale  =  33  when  °"'"^"' 

m 

Trmas.  1823.  and  Boston  Jour.  Philon.  i.  IHO. 

k  Chilli.  80,  170. 

to. 

39 
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Pecomi-oict 
watrr. 


Chloride. 


Muiiate. 


oxygen  is  denoted  by  8.     Mr  Brande,  from  the  composition  of 
the  oxide  prepared  by  nitric  acid,  has  fixed  on  35  to  denote 
the  weight  of  the  atom  of  zinc*     It  will,  probably,  not  be  &r 
from  the  truth,  if  we  take  the  equivalent  of  zinc  to  be  93,  and 
that  of  its  oxide  33  +  8  =  41.t     U.  2.  12. 

This  oxide  is  white,  tasteless,  and  soluble  in  the  alkalies. 
As  prepared  by  combustion  it  contains  small  particles  of  the 
metal,  which  always  render  it  gritty ;  hence,  for  pharmaceutical 
use,  it  is  best  prepared  by  precipitating  solution  of  sulphate  of 
zinc  by  ammonia,  and  washing  and  drying  the  precipitate.  It 
is  sometimes  used  as  a  pigment,  both  with  oil  and  water;  and 
is  employed  in  medicine  as  a  tonic,  and  as  an  external  applica- 
tion. 

1146.  Zinc  decomposes  water  very  slowl}'  at  common  tem- 
peratures, requiring,  probably,  the  access  of  air ;  but  acts  with 
great  rapidity,  if  the  vapour  of  water  be  brought  into  contact 
with  it  when  ignited.  In  whatever  way  it  is  oxidized,  we  ob- 
tain the  compound  already  described,  which  is  the  only  known 
oxide  of  zinc.     H.| 

1147.  Chhride  qf  Zinc  18  formed  by  heating  leaf  zinc  in 
chlorine,  or  by  evaporating  muriate  of  zinc  to  diynesi  and 
heating  the  residue  red-hot  in  a  glass  tube.  The  oompoimd  is 
fusible  under  a  dull  red  heat,  and,  on  cooling,  goes  through 
several  degrees  of  consistency,  being  viscid  before  it  becomes 
solid.  It  is  very  deliquescent,  and  produces  a  tnuriaie  qfzitic 
by  the  action  of  water.  It  appears  from  the  analysis  of  Dr 
Davy  to  consist  of  equal  weights  of  chlorine  and  zinc.  It  was 
formerly  called  butter  of  zinc. 

The  attraction  of  zinc  for  chlorine  is  very  great,  and  this 
metal  may  therefore  often  be  employed  for  separating  chlorine 
from  other  combinations. § 

114S.  Muriate  of  Zinc.  Muriatic  acid,  a  little  diluted,  acts 
on  zinc,  and  evolves  hydrogen  gas  of  great  purity.  The  soh- 
tion  is  clear,  but  cannot  be  brouc^ht  to  crystallize  by  evapora- 
tion. The  dry  chloride,  however,  may  be  sublimed,  and 
passes  over  in  a  half  solid  state,  from  which  circumstance  it  was 
called  butter  of  zinc  When  rapidly  evaporated,  the  muriatic 
solution  yields  a  thick  extract,  which  has  somewhat  of  the  via* 
cidity  of  bird-lime.     H. 

1140.  Muriate  of  zinc  in  strong  solution,  deposits  oxide  on 
adding  water,  and  on  being  filtered  and  further  diluted,  more 
oxide  separates.  Weak  solutions,  when  concentrated  by  evapo- 
ration, dissolve  the  oxide,  which  will  precipitate  again,  on  dila- 
tion.    The  solution  is  alwaj's  slightly  acid,  and  ammonia, wheo 

*  Quarterly  Journal,  liv.  49. 

t  43  Brande. 

t  When  Pulverized  Zinc  ii  a  Ided  to  Tiised  nitre,  or  |>rojec:eil  with  tbat  ialt  into  ft  r«i-bot  cneMr, 
H  very  violent  detonntioo  takei  place  ;  the  Zinc  is  oiidiceil  and  part  of  the  oxide  GOaibUMf  vit^  ^ 
alkali  forming  a  soluble  coni|  ound.  L'. 

^  Vhloratt  nfZinc  crystallizes  in  octucJm,  bnd  is  a  very  soluble  s.iU. 
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added,  does  not  render  it  neutral,  until  all  tlie  oxide  of  zinc  is 
precipitated.*     H.  2.  14. 

1150.  Iodine  and  Zinc  readily  combine,  and  produce  a  fusi- 
ble. Volatile,  and  crystalline  compound,  which,  when  exposed  to 
air,  deliquesces  into  hydriodate  o/ zinc  A 

1151.  Nitrate  of  Zinc.    Nitric  acid,  moderately  strong,  acts  xitnte. 
on  zinc  with  great  violence.     The  solution,  by  evaporation, 
erystallizies  in  four  sided  prisms,  and  affords  a  deliquescent  salt, 
copiously  soluble  in  water  and   alcohol,  and  consisting  of  41 
oxide  -I-  54  nitric  acid  =  95,     H. 

1152.  Liquid  ammonia  readily  dissolves  oxide  of  zinc,  and 
even  acts  upon  the  metal.  The  concentrated  solution  of  the 
oxide  furnishes  feathery  crystals;  it  is  decomposed  by  the  acids, 
and  the  immersion  of  a  plate  of  copper  causes  a  precipitation 
of  a  part  of  the  zinc,  the  ammonia,  acquiring  at  the  same  time 
a  blue  colour. — De  Lassome,  ^nn.  de  Chim.  xxxv.  53. 

1153.  Sulphuret  of  Zinc  exists  native  under  the  name  of  Saiphureu 
Blende,     It  may  be  formed  artificially  by  heating  oxide  of  zinc 

with  sulphur,  and  is  then  of  a  yellow  brown  colour.     It  consists 
of  33  zinc  +16  sulphur  =  494 

BlenfU  is  a  brittle  soft  mineral,  of  different  shades  of  brown  N&ure. 
and  black.  Its  primitive  form  is  the  rhombic  dodecaedron. 
It  usually  contains  traces  of  iron  and  lead.  It  is  an  abundant 
mineral,  and  important  as  a  source  of  the  pure  metal,  which  is 
obtained  by  roasting  the  ore,  and  afterwards  exposing  it  to 
heal  in  proper  distillatory  vessels,  mixed  with  charcoal.  The 
English  miners  call  it  blackjack.  It  has  been  analyzed  by  Dr 
Thomson  and  found  to  consist  of  zinc  67,19  +  sulphur  32^81 
=  100. 

1154.  Hyposulphite  of  Zinc  was  formed  long  ago  by  Four-  Hypowiphiie 
croy,  who  considered  it  as  a  sulphuretted  sulphite.  He  form- 
ed it  by  digesting  metallic  zinc  in  sulphurous  acid,  sulphuretted 
hydrogen  is  disengaged,  and  by  gentle  evaporation  crystals  are 
obtained,  which  are  to  be  digested  in  alcohol;  this  liquid  dis- 
solves the  hyposulphite,  and  affords  it  in  prismatic  crystals.  A 
mixture  of  oxide  of  zinc  and  sulphur  treated  by  sulphurous  acid 
affords  the  same  salt ;  it  is  eiOdorescent,  and  easily  decomposed 

by  beat. — Fourcboy,  Systime  des  connoissances  Chymiquesy 
V.  380  § 

1155.  Sulphate  of  Zinc,     Zinc  readily  dissolves  in  diluted  suiphate. 
sulphuric  acid,  with  the  exception  of  a  small  quantity  of  black 
powder,  which  Vogel  found  to  be  composed  of  charcoal,  iron, 

and  sulphate  of  lead.     The  acid  during  its  action  on  this  metal 

•  Qmrt.  Jour.  ri.  159. 

t  Wiwn  this  nit  it  mii^Ied  with  p<irch1orid<*  of  mercury,  a  precipitate  is  obtaiord  of  a  beautiful 
bright  re^  colour.  Wh«n  iodAte  of  potassa  is  added  to  solution  of  sulphate  of  zinc,  it  forms  on  insolu- 
hl«  Mdat0  of  sine. 

X  Vr  E.  Dary,  by  passing  the  rapour  of  sulphur  over  melted  zinc,  obtained  a  white  crystnlline  sub- 
stance, retemblioi^  the  natural  compound  of  zinc  and  sulphur,  which  is  called  phosphorescent  hltndt. 

(  Sulphite  cfiine  is  easily  formed  by  dissolving  the  oside  in  sulphurous  ncid  ;  it  is  more  easily 
frj itallizabU  than  the  hyposulphite  and  is  insoluble  in  alcohol. 
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evolves  hydrogen  pas;  (328)  and  the  gas,  when  obUineit,  be- 
sides other  impui'ilies,  holds  iu  cotnbiitatioD  a  portion  of  the 
melal  (330).»     H.  2.  13. 

1156.  When  ihe' solution  of  zinc  in  sulphuric  acid  is  evapo- 
rated, it  shoots  into  crystals  which  are  right  rhombic  prisms.1' 
This  sail  is  soluble  in  2,5  parts  of  water  at  60°,  and  its  solution 
is  not  precipitated  by  any  other  metal.  Its  composition  is  staled 
by  Berzellus  and  Wollaslon  as  follows. 

Acid  .  .  30,86  ....  27,3  ....  1  =  40 
Base  .  .  32,69  ....  25,4  ....  1  =  41 
Water    .  36,45  ....  44,3  ....  7  =  63 

100,t  100,§  144.     H.  2.  M. 

Sulphate  of  zinc  is  prepared  for  the  purposes  of  the  arts  fnirn 
the  native  sulphuret,  and  is  usually  in  the  form  of  a  while  amtn^ 
phous  mass,  called  white  vitriol. 

Native  Sulphate  of  Zinc  is  found  in  places  where  the  sulphu- 
ret of  zinc  occurs  ;  it  is  probably  the  result  of  the  decainpo)i- 
lion  of  that  ore. 

1157.  Phosphuret  of  Zinch  o(  ^  whitish  colour.  andamptjJ- 
lic  lustre  not  unlike  lead.  It  has  some  malleability,  exhales  ■ 
phosphoric  smell,  and  at  a  high  tempemlure,  burns  likecornmofl 
zinc.     H. 

1158.  Phosphate  of  Zinc  is  not  crystal! izable.  It  may  be 
obtained  by  dissolving  zinc  in  phosphoric  acid,  and  evaporation 
to  dryness.  A  phosphate  of  zinc  is  also  precipitated  upon  ihc 
addition  of  phosphate  of  soda  to  sulphate  of  zinc.  These  mIis 
have  not  been  precisely  examined,  but  it  is  probable  there  is  i 
phosphate  and  a  hi-phosphatc  of  zinc. 

1159.  Carbonate  of  Zinc  occurs  native,  forming  one  of  the 
varieties  of  the  mineral  called  calamine.  It  may  be  formed  by 
adding  carbonate  of  potassa  to  sulphate  of  zinc.  It  is  white  anil 
tasteless. 

The  primitive  form  of  calamine,  which  occurs  both  crystal- 
lized and  massive,  is  an  obtuse  rhomboid.  It  is  often  found  iD- 
vestiog  carbonate  of  lime,  which  has  sometimes  been  decoRipo>> 
ed,  and  the  calamine  remains  in  pseudo-crystals.  A  variety  of 
calamine,  containing  siliceous  earth,  is  known  by  the  name  of 
electric  calamine,  from  its  property  of  becoming  electrical  when 
gently  heated. 

1160.  The  zinc  of  commerce   is    procured  from   the  natiTS 
"  sulphuret  and   Irom  calamine  by  the   following  process.     Tlw 
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is  first  picked  and  broken  into  small  pieces,  and  then  sub- 
ted  to  a  dull  red  heat  in  a  reverberatory  furnace,  by  which 
K>nic  acid  is  driven  off  from  the  calamine,  and  sulphur  from 
blende.  It  is  then  washed,  ground,  and  thoroughly  mixed 
i  about  orte  eighth  its  weight  of  powdered  charcoal.  This 
lure  is  put  into  lar^^e  earthen  pots,  not  unlike  oil  jars,  six  of 
ch  are  usually  placed  in  a  circular  furnace;  each  pot  has  an 
L  tube  passing  from  its  lower  part,  through  the  floor  of  the 
lace,  and  dipping  into  water,  they  are  every  where  else 
ily  luted  :  upon  the  application  of  a  red  heat,  the  metal  dis- 
through  the  tube  into  the  water  beneath,  whence  it  is  col- 
:ed,  melted,  andcnst  into  cakes. 

161.  Ferrocyanate  of  potassa  produces  a  yellowish  white  oenenipi 
cipitate  in  solutions  of  zinc.     The  salts  of  zinc  are  mostly  £duorr 
ihle  in  water,  and  the  solutions  are  colourless  and  transparent: 
^  are  not  precipitated  by  hydriodic  acid.     Potassa,  soda,  and 
iionia,  form  white  precipitates,  soluble  in  excess  of  the  alkali, 

sulphuric  acid.  Hydrosulphuret  of  ammonia,  produces  a 
lowish  white  precipitate.  The  soluble  phosphates,  carbo- 
ns, and  borates,  produce  white  precipitates. 

162.  Alloys  of  Zinc. — With  potassium  and  sodium  zinc  j^  ^ 
US  brittle  alloys,  decomposable  by  exposure  to  air  and  water, 
alloy  with  manganese  is  unknown.  With  iron  it  forms  a 
he,  and  somewhat  malleable  alloy,  which  is  difiScult  to  form ; 
t  if  plates  of  hot  iron  be  dipped  into  melted  zinc,  they 
luire  the  appearance  of  tin-plate. 

It  has  been  proposed  to  apply  zinc  to  the  purpose  of 
inary  vessels,  pipes  for  conveying  water,  sheathing  for  ships, 
;  but  it  is  rendered  unfit  for  the  first  object,  by  the  facility 
h  whieh  the  weakest  acids  act  upon  it,  and  for  the  remain- 
ones,  by  its  considerable  though  slow  oxidation,  when  ex- 

ed  to  the  operation  of  air  and  moisture.     H.  2.  16. 


Section  XI.     Tin. 

163.  The  properties  of  tin  must  be  examined  in  the  state  of 
in-tin  or  block  tin ;  what  is  commonly  known  by  the  name 
in,  being  nothing  more  than  iron  plates  with  a  thin  covering 
this  metal.  Several  varieties  of  tin  are  met  with  in  eom- 
rce,  for  the  discrimination  of  which,  and  the  means  of  judg- 

of  their  purity,  Vauquelin  has  given  useful  instructions  \n 
77th  volume  of  the  Annales  de  Chimie,  and  an  interesting 

ount  of  the  ores  of  tin,  and  of  the  processes  for  extracting 
metal  in  Cornwall,  has  been  given  by  Mr  Taylor  in  the  5th 

ume  of  the  Transactions  of  the  Geological  Society  of  Lon- 

I.     H.  2.  35. 

1 64.  This  metal  has  been  known  from  the  remotest  ages.  It 
i  in  common  use  in  the  time  of  Moses,  and  was  obtained  at  a 
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Tcry  Gsriy  period  from  Spain  and  Britain  by  ihe  Phoenicians. — 
PuKr,  lib.  iv.  cap.  34,  and  xxxiv    cap.  47. 

The  native  oxide  is  the  principal  ore  of  tin  ;  the  metal  is  ob- 
tained by  heating  it  to  redness  with  charcoal.  To  obtain  pure 
tin  the  metal  should  be  boiled  in  nitric  acid,  and  the  oxide  which 
falls  down  reduced  by  heat  in  contact  with  chamoal  in  a  covered 
crucible.  U.  Tlie  process  is  described  at  length  in  Aikih's 
Dictionary,  {Jirt.  Tin.) 

Tin  has  a  silvery  while  colour,  is  considerably  harder  thin 
lead,  scarcely  at  all  sonorous,  very  malleable,  though  not  ver^ 
tenacious.  Under  the  hammer  il  is  extended  into  leaves,  called 
tinfoil,  which  are  about  f^Vs'h  of  an  inch  thick."  Its  specific 
gravity  is  7,30.  It  melts  at  443°,  and  by  exposure  to  heatand 
air  is  gradually  converted  into  a  prey  peroxide.  Placed  upOB 
ignited  charcoal  under  a  current  of  oxygen  gas,  it  burns  reijr 
brilliantly. 

11G5.  A  preparation  under  the  name  of/^owt/erRif /m  is  some- 
times directed  to  be  prepared  for  pharmaceutical  use.  by  shsk- 
ingthe  melted  metal  in  a  wooden  box  rubbed  with  chalk  ou  llx 
inside:  tinfilini^s  have  also  a  place  in  some  Pkarmacopaix, 
and  have  been  used  as  a  vermifuge.  These  preparations  are, 
however,  both  dangerous,  the  metal  being  rendered  poisonoui 
in  the  former  case  by  slight  oxidation,  (Orfila,  Traili  del 
Poisons,  T  i.  3me  partie,  p.  18.]  and  often  creating  very  dan- 
gerous irritation  when  given  in  filings. 

1166.  Proloxideo/ Tin  is  ohVtined  by  precipitating  protomu- 
riale  of  tin  by  ammonia ;  it  falls  in  the  state  of  hydrate ;  when 
dried,  it  is  of  a  grey  colour,  and  undecomposnble  by  heat.  It 
dissolves  in  the  alkalies;  exposed  to  heat  and  air  it  passes  into  the 
state  of  peroxide,  undergoing  a  faint  combustion.  Its  ammoni- 
acal  solution,  when  long  kept,  deposits  metallic  tin  in  arbores- 
cent crystals,  and  becomes  a  solution  of  the  peroxide. 

1167.  Peroxide  of  Tin  is  formed  by  treating  the  metal  with 
nitric  acid  :  there  is  a  violent  action  attended  by  the  formation 
of  nitrate  of  ammonia.  (473)  Scarcely  any  of  the  metal  is  dis- 
solved, but  remains  as  a  yellowish  powder,  which  may  be  puri- 
fied by  washing.  It  is  also  formed  by  heating  tin  filings  with 
red  oxide  of  mercury;  and  by  projecting  a  sufficient  quantity  d{ 
nitre  upon  red-hot  tin.  This  oxide  dissolves  in  the  alkaliea. 
Fused  with  glass  it  forms  imte  Enamel.  Heated  intenadjr, 
it  becomes  insoluble  in  acids,  and  undergoes  fusion. 

The  substance  called  Tin  Putty,  is  an  oxide  of  tin  formed  by 
levigating  the  crusts  of  oxide  that  form  upon  the  metal  when 
kept  for  some  time  in  fusion. 

1168.  Native  Oxide  of  Tin  is  found  in  Cornwall ;  in  Spain ; 
'■  and  in  Saxony  :  it  has  also  been  found  in  BritUny,  in  France; 

in  the  East  Indies ;  and  in  South  America.  The  specific  gravity 
of  the  native  oxide  is?:  its  primitive  crystal  is  an   octoedron 
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with  a  square  base.*  In  some  of  the  valleys  of  Corn  wall,  tin  is 
found  in  rounded  nodules,  of  various  sizes,  mixed  with  pebbles 
and  rounded  fragments  of  rocks.  To  separate  the  tin  from  the 
alluvial  matter,  currents  of  water  are  passed  over  it,  and  hence 
these  deposits  have  been  called  stream  works j  and  the -tin  ore, 
siream  tin.  A  modification  of  stream  tin  is  called  toood  . 
tin.  It  usually  appears  in  small  banded  fragments  of  globular 
masses. 

1169.  The  number  representing  tin  is  59.  The  protoxide 
consists  of  59  tin  -f  8  oxygen.  The  hydrate  of  67  protoxide 
+  9  water;  and  tiie  peroxide  of  59  tin  +  16  oxygen.  These 
numbers  are  deduced  from  the  accurate  analysis  of  Dr  John 
Davy  (PAiL  Trans.  1812)  and  M.  6ay-Lussac,  {fAnnaks  de 
Chifnie,  Ixxx.)  The  protoxide  of  tin,  according  to  both  these 
chemists,  consisting  of  100  tin  +  13,5  oxygen;  and  the  chlo- 
ride, according  to  John  Davy,  of  100  tin  +  60,71  chlorine. 

1 170.  Chloride  of  Tin  is  procured  by  heating  together  an  cworiae. 
amalgam  of  tin  and  calomel ;  or  more  simply  by  heating  proto* 
muriate  of  tin  in  a  retort  till  it  fuses  ;  it  is  a  grey  semi-transpa- 
rent  crystalline  solid,  which   dissolves    in  water,  forming  a 
protomuriate  of  tin ;  it  is  volatile  at  a  red  heat,  and  consists  of  59 

tin  -I-  36  chlorine.  Heated  in  chlorine  it  burns  into  perchloride 
of  tin. 

1171.  If  tin  be  heated  in  chlorine,  or  if  amalgam  of  tin  be  percUonde. 
distilled  with  corrosive  sublimate,  a  perchloride  is  obtained ; 

the  best  proportions  are  six  parts  of  tin,  previously  combined 
with  one  of  mercury,  and  intimately  mixed  with  thirty  of  corro- 
sive sublimate.  The  mixture  is  put  into  a  glass  retort  with  a 
sufEciently  capacious  receiver  luted  to  it,  and  may  be  distilled 
over  a  small  charcoal  fire.  The  heat  should  be  slowly  raised  to 
prevent  too  sudden  action.  Towards  the  end  of  the  process  a 
little  chloride  rises,  which  the  old  chemists,  from  its  consistency 
and  appearance,  called  Butter  of  Tin.  It  is  a  transparent 
colourless  fluid,  and  when  poured  into  water,  is  instantly  con- 
verted into  permuriate  of  tin.  It  consists  of  59  tin  +  72  chlo- 
rine. It  was  formerly  called  Libavius^s  Fuming  Liquor :  it 
exhales  copious  fumes  when  exposed  to  a  moist  air,  and  pro- 
duces muriatic  acid  and  oxide  of  tin.  It  is  instantly  decompos- 
ed by  metallic  zinc,  forming  chloride  of  zinc  and  a  precipitate 
of  metallic  tin. 

1172.  The  Protomuriate  of  Tiny  may  be  obtained  by  p^to-m. 
boiling  one  part  of  tin  with  two  of  muriatic  acid,  in  a  tubu-  ^^''' 
lated  retort.  The  solution  has  always  an  excess  of  acid,  is 
perfectly  limpid  and  colourless ;  and  contains  the  metal  at  the 
minimum  of  oxidation.  It  has  a  tendency,  however  to  ac- 
quire a  farther  proportion  of  oxygen,  and  should,  therefore, 
be  carefully  preserved  from  contact  with  the  air.  This  property 
of  absorbing  oxygen  is  so  remarkable,  that  it  may  even  be 
applied  to  eudiometrical   purposes.     Proto-muriate  of  tin  has, 

*  Brooke's  CrjitalJograpby,  1?7.    See  also  AV.  Fbillips  Id  Geological  Trans.  i>. 
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also,  the  property  of  reducing  to  a  minimum  of  oxidation,  Uiom 
compounds  of  iron,  in  which  the  metal  is  fully  oxidized,  for  ex- 
ample, it  reduces  the  red  sulphate  to  the  green.  It  is  a  te.n  alio 
of  gold  and  platinum,  and  hlackens  the  solution  of  corrosive  sub- 
Umate.     With  hydro-sulphtuets  it  gives  a  black  precipilale.  H. 

With  solution  of  gold  it  produces  a  purple  precipitate  used 
in  painting  porcelain,  and  known  under  the  name  of  Purple  f^ 
Cassius.  It  crystallizes  from  its  concentrated  solution  insmiU 
deliquescent  needles.  With  infusion  of  cochineal  it  produces  1 
purple  precipitate.  This  muriate  of  tin  is  the  &'al  Jovis  of  old 
writers,  Jupiter  being  the  name  by  which  the  alchemists  dislin- 
guished  this  metal. 

1173.  Recent  muriate  of  tin  is  avery  delicate  lest  of  mercury. 
M.  Chenevlx  says,  if  a  single  drop  of  a  saturated  solution  al 
neutralized  nitrate,  or  muriate  of  mercury,  be  put  into  500  gn 
of  water,  a  few  drops  of  solution  of  muriate  of  tin  will  render  it 
a  little  turbid,  and  of  a  smoke-grey  ;  and  the  eflcct  is  perceptible 
with  ten  times  as  much  water.     U.  74H, 

117^1.  The  protomuriatc  of  tin  appears  to  be  composed  of  6' 
protoxide  -f  37  muriatic  acid,  or  of 
'■  Mtiriatic  acid  ....  35,5  ....  100  ....  55 

Protoxide  of  tin    .  .  64,5  ....  182  ..  .     100 

190,  H.  2.  40,» 

1175.  When  potassa  is  added  to  muriate  of  tin,  a  submiirialc 
of  the  protoxide  is  thrown  down,  consisliag,  according  to  Dr 
Davy  of  134  protoxide  -|-  37  acid,  or  of 

Muriatic  acid 19,0 100 

Protoxide 70,4 364 

Water.  ■ 10,e 

100. 

1176.  Nitro-muriale  of  Tin.  The  nilro-muriatic  seiil 
(formed  by  mixing  two  or  three  parts  of  muriatic  acid  and  one 
of  nitric,]  dissolves  tin  abundantly,  with  violent  effervescence, 
and  with  so  much  heat,  that  it  is  necessary  to  add  the  meUl 
slowly  by  successive  portions.  The  solution  is  apt  to  congeal 
into  a  tremulous  gelatinous  mass ;  and  if  water  be  added,  it  if 
partly  decomposed,  and  some  oxide  separated.  The  solution, 
used  by  the  dyers,  is  prepared  with  that  dilute  nitric  acid  called 
single  aqua-fortis,  to  each  pound  of  which  are  added  from  one 
to  two  ounces  of  the  muriate  of  soda  or  ammonia.  This  com- 
pound acid  is  capable  of  taking  up  about  an  eighth  its  weight  of 
tin.     H.  2.  41. 

The  solution  is  employed  to  heighten  the  colours  of  cochineal, 
gum-lac  and  some  oilier  red  tinctures,  from  crimson  to  a  bright 
scarlet  in  the  dyeing  of  woollens. 
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1177.  The  permuriate  of  tin  forms  aeicular  crystals  in  the 
upper  parts  of  the  phials  containing  the  bi-chloride  imperfectly 
leeared  from  air.  The  addition  of  the  pure  alkalies  to  this 
lalt  of  tin,  occasions  a  precipitate  which  has  not  been  accu- 
ntely  examined ,  but  is  said  to  be  a  stibpermuriate.  The 
peroxide  of  tin  is  more  readily  soluble  in  alkalies  than  the 
[urotoxide ;  it  has  been  hence  termed  Stannic  acid.* 

1178.  Nitrate  of  7¥n.    Wbeh  nitric  acid,  highly  concen-  ^\^^, 
jratedy  is  poured  upon  tin  filings,  very  little  efTect  is  produced ; 

Nit  when  a  small  quantity  of  water  is  added,  a  violent  efferves- 
ionce  follows  ;  and  the  metal  is  reduced  to  a  bulky  powder, 
irhich  is  the  white  oxide  retaining  a  little  acid.  If  more  water 
le  added,  an  acid  liquor  is  obtained,  holding  very  little  tin  in 
lolutioD  ;  and  containing  nitrate  of  ammonia,  the  alkaline  base 
if  which  is  formed  by  the  simultaneous  decomposition  of  the 
irater  and  nitric  acid,  and  the  union  of  the  hydrogen  of  the  for- 
Der  with  the  nitrogen  of  the  latter.  (472)  H.  Tin,  however,  is 
ilowly  dissolved,  without  effervescence,  in  nitric  acid  greatly 
iiluted ;  the  solution  is  yellow  and  will  not  crystallize ;  expos* 
id  to  air  it  absorbs  oxygen  and  peroxide  of  tin  precipitates. 

1179.  7Vn  and  Sulphurl    Tin  unites   with  sulphur,  but  Suiphunu 
equires,  for  its  combination,  so  high  a  temperature,  that  at  the 
noment  of  union  there  is  too  small  a  quantity  of  sulphur  pres- 

50t,  to  saturate  the  tin,  and  a  mechanical  mixture  results,  of  tin 
ind  snlphuret  of  tin/  The  only  method  of  obtaining  the  satu- 
rated solpburet  is  to  melt  the  aurum  mtisivumf  which  will 
iresently  be  described,  in  close  vessels.  The protoaulphuret  is 
>f  a  bluish  colour  and  lamellated  structure. 
It  is  composed,  according  to  Dr  John  Davy  and  Berzelius,  of 
proportional  metal  -|-  1  sulphur,  or 

Tin 78,6 100,  Compotition. 

Sulphur  ....  21,4 27,234 


100,  127,234     ^ 

The  second  sulphuret,  or  bisulphuret  of  tin  {aurum  musi* 
•urn,)  is  formed  by  heating  sulphur  with  peroxide  of  tin,  or,  7nm. 
7  heating  in  a  matrass  a  powdered  amalgam  of  12  parts  of  tin 
Dd  6  of  mercury,  mixed  with  7  parts  of  flowers  of  sulphur  and 

of  muriate  of  ammonia.  A  gentle  heat  is  to  be  applied  till  the 
rhite  fumes  cease  to  appear,  when  the  heat  is  to  be  raised  to 
edneas,  and  kept  so  for  some  time.  .On  cooling,  the  aurum 
musivutn  (or  Mosaic  Oold)  may  be  obtained  by  breaking  the 
satrass.  It  is  of  a  beautiful  gold  colour,  and  flaky  in  its  struc- 
ore.    H.  2.  41.t 

*  Mtdidt^Tm  mmj  be  formed  dtreetlj  bj  b«atinf  the  meul  with  iodine ;  or  indirectlj  bj  adding 
fJiiiiioacidtD  a  Mlataon  of  ■iiri*te  of  tin.    Itb  an  oru^e-colowed  coapoimd,  and  has  not  been 
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t  S«e  PIdl.  Tmas.  1771.— This  proeen  it  thm  ef  plained.  At  the  beatinereatet,  the  tin,  bf  attonget 
Uty,  Misoe  aad  eombinet  with  the  muriatic  acid  of  the  moriate  of  ammonia,  while  the  alkali  of  that 
h»  ceabiaiac  with  »  portion  of  the  ralphnr,  fliei  off  in  the  form  of  a  lolpbaret    The  comhi|ialion  of  tin 
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1  tSO.  Aurum  musirum  has  no  taste,  is  not  soluble  ia  wattt, 
acids  or  alkalloe  solutions.  But  in  the  dry  way  il  forms  s  yd- 
low  sulphuret,  soluble  in  ^vater.  It  is  used  as  a  pigment  Tor 
giving  a  goMeo  colour  to  small  statue  or  plaster  figures.  It  is 
likewise  said  to  be  mixed  with  melted  glass  to  imitate  lapis 
lazuli.     U.  208. 

The  sulphurets  of  lin  consist  respectively  of  59  Ua  +  16  nl- 
phur,  and  59  tin  +  32  sulphur." 

USI.  Sulphate  of  Tin.  When  tin  is  boiled  in  sulpbtlrie 
acid,  a  solution  is  obtained  which  deposits  white  acicular  crys- 
tals. A  protosulphale  of  tin  is  also  precipitated  by  pouting 
sulphuric  acid  into  protomuriate  of  tin.  If  ilie  sulphate  be  loDg 
boiled,  a  copious  white  precipitate  subsides,  which  will  not 
again  dissolve.  It  is  composed  of  the  while  oxide  retaining 
only  s  small  portion  of  acid,  and  constituting  in  bet  a  ud- 
sulphate.     H.t 

1182.  The  salts  of  tin  are  mostly  soluble  in  water.  They 
are  precipitaled  of  an  orange  colour  by  hydriodic  acid,  and  by 
hydrosulphuret  of  ammonia,  provided  no  excess  of  acid  be  pres- 
ent. Solution  of  muriate  of  gold,  and  of  corrosive  subhmite 
produce  purple  and  black  precipitates  in  the  satis  of  tin  coDlaia- 
ing  the  protoxide,  but  none  in  those  containing  the  peroxide. 
Ferrocyanate  of  potassa  produces  a  while  precipitate  in  solotion 
of  muriate  of  tin.  A  plate  of  lead  frequently  throws  dowo  me- 
taUic  tin,  or  its  oxide,  from  the  saline  solutions. 

1183.  Tin  forms  useful  alloys  with  many  of  the  metsJi. 
Pewler  is  one  of  these ;  and  the  best  kind  of  it  is  entirely  free 
from  lead,  being  composed  chiefly  of  tin  with  small  proportions 
of  antimony,  copper  and  bismuth. J  An  amalgam  formed  by 
gradually  adding  three  parts  of  mercury  to  twelve  of  tin  melted 
in  an  iron  ladle,  and  stirring  the  mixture,  is  much  used  in  sil> 
vering  looking  glasses.  H.  With  potassium  and  sodium,  tin 
forms  brittle  white  alloys.  Its  alloy  with  manganese  is  not 
known.     It  does  not  readily  combine  with  iron,  but  tin-plite 
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my   be   considered  as  an  imperfect  alloy  of  those   metals. 
MTith  zinc  it  forms  a  hard  brittle  alloy. 


Section  XII.     Cadmium, 

1184.  Cadmium  was  discovered  in  the  autumn  of  1817,  by  DUeortrj. 
Stromeyer,  in  an  oxide  of  zinc,  which  had  been  prepared  for 
osedicinal  use  from  an  ore  of  zinc  brought  from  Silesia.     He 
iscertained  its  principal  properties  and  combinations  \  and  has 

lince  extracted  it  from  various  other  ores  of  zinc*  Dr  Clarke 
ills  shown  that  it  exists  in  the  ores  of  zinc  from  Derbyshire  and 
Mendip,  and  in  the  zinc  of  commerce  ;t  and  Mr  Herapath,  of 
Bristol,  has  pointed  out  an  abundant  source  of  it  in  the  subli- 
mate, which,  in  the  process  for  obtaining  zinc  by  distillation, 
rises  before  the  zinc,  in  what  the  workmen  call  the  brown 
blaze.  Of  this  sublimate,  which  is  attached  to  the  roof  of  the 
riult,  it  forms  from  12  to  20  per  cent.:^ 

1185.  The  presence  of  cadmium,  in  an  ore  of  zinc  suspected  ^J^JjJ°' 
to  contain  it,  may  be  discriminated  by  directing  the  blue  flame  cldmilinu 
3f  a  candle  upon   a  small  fragment  placed  on  a  slip  of  platinum 

foil.  If  any  cadmium  be  present,  its  oxide  will  be  reduced, 
volatitized,  and  carried  along  the  slip  of  platinum,  coating  it 
with  its  peculiar  reddish-brown  oxide.  Dr  WoUaston,  to  detect 
cadmium,  dissolves  the  ore  of  zinc  in  muriatic  acid,  gets  rid  by 
heat  of  the  excess  of  acid,  and  adds  distilled  water.  All  the 
metals  that  iron  \f^ill  precipitate  he  removes  by  a  rod  of  iron, 
ind  filters  the  liquor  into  a  platinum  capsule  containing  a  piece 
}f  zinc.  The  cadmium,  if  any  be  present,  will  coat  over  the 
surface  of  the  capsule  with  a  precipitate  of  a  dull  leaden  hue, 
ind  will  adhere  so  firmly  that  it  may  be  washed,  and  thus  freed 
Trom  any  remaining  solution  of  zinc.  Muriatic  acid  will  dis- 
lolve  the  lead-coloured  precipitate  with  eflervescence,  and 
nther  carbonated  or  caustic  potassa  will  yield  a  white  precipi- 
tate ;  which  may  be  tested  before  the  blow-pipe  in  the  manner 
ilready  described. 

1186.  To  separate  cadmium  from  the  ores  of  zinc,  Stromeyer  oftepamtinf 
lissolves  the  ore  in  sulphuric  acid  ;  and  through  the  solution,  ^'^"^ "°'' 
which  ought  to  contain  an  excess  of  acid,  sen'ds  a  current  of 
sulphuretted  hydrogen  gas.  The  precipitate  is  well  washed, 
iissolved  in  concentrated  muriatic  acid,  and  the  excess  of  acid 
expelled  by  evaporation.  The  residue  is  dissolved  in  water, 
lod  precipitated  by  carbonate  of  ammonia,  an  excess  of  which 
must  be  added  to  re-dissolve  any  zinc  or  copper  that  may  have 
been  thrown  down  by  the  sulphuretted  hydrogen  gas.  Carbo- 
nate of  cadmium  alone  remains,  which,  after  being  heated  to 

*  Am.  Pbilot.  z'lT.  309. 

t  An*.  Pbilot.  XT,  rJ2,  and  N.  S.  iii.  133.  t  ^^'^^  ^^ 
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drive  off  the  carbonic  acid,  is  reduced  by  mixing  it  with  lamp- 
black, and  exposing  it  to  a  moderate  red  heat  in  a  glass  or 
earthen  retort. 

1187.  Cadmium  resembles  tin  very  nearly  in  colour,  lustre, 
and  in  the  sound  it  emits  when  bent.  It  is  somewhat  harder 
than  tin,  and  surpasses  it  in  tenacity.  It  is  very  ductile,  and 
may  be  reduced  to  line  wire,  or  thin  plate;  yet  when  long 
beaten,  it  scales  ofT  in  diflerent  places.  lis  specific  gravity  ii 
8,604  before  hammering,  and  8,694  afterwards;  or,  according 
to  Mr  Children,*  8,67  before,  and  a05  after  being  hammered. 
It  melts  at  a  heal  below  redness,  and  is  volatilized  by  a  heat 
rot  much  greater  than  that  required  to  vaporise  mercury.  Iti 
vapour  has  no  odour.  It  condenses  in  drops  as  readily  aa  mer- 
cury, and  these,  on  congealing,  present  distinct  traces  of  cry»- 
tallizalion. 

1188.  Cadmium  is  as  little  altered  by  exposure  to  the  lit 
as  tin.  When  healed  in  the  open  air,  it  burns  as  readily  as  the 
latter  metal,  and  is  converted  into  a  brownish-yellow  oxide. 
This  oxide,  which  is  its  only  one,consists  of  100  metal -f  14,351 
oxygen  ;t  which  gives  56  for  the  equivalent  number  of  the 
metal,  and  64  for  that  of  the  oxide.  This  oxide  is  soluble  in 
ammonia,  but  not  in  carbonate  of  ammonia,  or  in  potassa,  or  its 
carbonate,  which  even  precipitate  it  from  its  solution  in  ammo- 
ria.  By  availing  himself  of  this  property,  Mr  Children  wpa- 
rated  it  from  oxide  of  zinc,  which  is  not  thrown  down  by 
the  fixed  alkali,  and  thus  verified  its  presence  ia  compouodi 
containing  much  zinc  and  little  cadmium. 

1189.  With  the  acids,  oxide  of  cadmium  unites  and  forms 
salts,  which  agree  in  the  following  characters.  Fixed  alkalies 
throw  down  a  white  hydrated  oxide,  as  does  ammonia,  with 
this  difference,  that  the  latter,  added  in  excess,  re-dissolves  the 
precipitate.  Prussiale  of  potassa  causes  a  white  sediment,  k 
does  oxalate  of  ammonia.  Sulphuretted  hydrogen,  and  the 
liydro-sulphurels,  throw  down  cadmium  of  a  yellow  or  orange 
colour,  like  orpiment.  No  change  is  produced  by  chromate  of 
potassa,  succinate  or  benzoate  of  ammonia,  infusion  of  galls,  or 
sulphate  of  soda. 

1190.  C/(/orj(/e  o/Ca(/miww»  crystallizes  in  small  rectangu- 
lar prisms,  perfectly  transparent,  which  effloresce  when  heat- 
ed, and  are  very  soluble.  At  a  high  temperature,  it  sub- 
limes in  small  micaceous  plates :  100  parts  of  the  fused  chloride 
consist  of  38,61  chlorine  +  ,61,39  metal.  This  gives  57  for  tlie 
equivalent  of  cadznium,  differing  very  little  from  the  number 
deduced  from  the  oxide. 

1191.  Iodide  of  Cadmium  forms  large  and  beautiful  hexae- 
dral  tables,  of  a  metallic  or  pearly  lustre.  At  high  tempera- 
tures, the  iodine  escapes.     It  consists  of  100  metal  +  227,43 
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119S.  NUraie  qf  Cadmium  ciystallizes  in  prisms  or  needles,  NHmto. 
whieh  are  deliquescent.    Its  constitaents  are  100  acid  -|- 1 17|58 
oxide. 

1193.  The  sulphate  crystallizes  in  large  rectangular  prisms  suipb^te. 
resembling  sulphate  of  zinc,  which  are  very  soluble  in  water. 
They  e£9oresce  in  the  air,  and  at  a  gentle  heat  lose  their  water 

•f  crystallization^  amounting  to  34,26  on  100  of  the  dry  salt. 
The  neutral  sulphate  consists  of  100  acid  -|-  161,12  oxide. 

1194.  The  Carbonate  is  pulverulent  and  insoluble  in  water,  cubooau. 
and  readily  decomposable  by  heat.    It  consists  of  100  acid  -|- 
292,88  oxide. 

1 195.  The  phosphate  is  pulverulent  and  insoluble.     It  is  con- 
stituted of  100  acid  +  225,49  oxide. 

1196.  Cadmium  unites  with  sulphur,  as  with  oxygen,  in  only  [^f^",''**^ 
one  proportion,  which  is  that  of  100  metal  to  28,172  sulphur. 

The  sulphuret  has  a  yellow  colour  with  a  shade  of  orange. 
Concentrated  muriatic  acid  acts  readily  upon  it,  and  evolves 
sulphuretted  hydrogen  gas.  The  sulphuret  may  be  formed  by 
heating  sulphur  either  with  the  metal  or  the  oxide,  or  by  pre- 
cipitating a  solution  of  cadmium  by  sulphuretted  hydrogen. 

1197.  Phosphuret  of  cadmium  has  a  grey  colour  and  a  feeble 
metallic  lustre. 

1198.  Cadmium  unites  with  other  metals.     Its  alloy  with  AUojt. 
copper  is  white,  with  a  slight  tinge  of  yellow.     It  unites  also 
with  cobalt,  platinum,  and  mercury,  and  probably  with  other 
metals. 

From  a  survey  of  its  salts,  it  appears  that  their  analysis  does 
not  lead  to  a  perfect  agreement  as  to  the  equivalent  of  its  oxide,  Fqairaient 
and  consequently  of  that  of  the  metal.     None  of  the  results,  how-  "**"  *'* 
ever,  are  very  remote  from  aflbrding  64  for  the  number  repre- 
senting the  oxide,  from   whieh  deducting  8,  we  obtain  56  for 
the  equivalent  of  cadmium.     H.  2.  43. 


Pure  ropp«r. 


Section  XIII.     Copper. 

1199.  This  metal  is  found  native,  and  in  various  states  of 
combination.  Of  its  ores,  the  oxide,  chloride,  sulphuret,  sul-  how Vbuln. 
phate,  phosphate,  carbonate,  and  arseniate,  are  the  most  remark-  ^^' 
able.  The  metal  may  be  obtained  perfectly  pure  by  dissolving 
the  copper  of  commerce  in  muriatic  acid  ;  the  solution  is  diluted 
and  a  plate  of  iron  immersed,  upon  which  the  copper  is  pre- 
cipitated. It  may  be  fused  into  a  button,  after  having  been 
previously  washed  in  dilute  sulphuric  acid  to  separate  a  little 
iron  that  adheres  to  it. 

It  was  known  in  the  early  ages  of  the  world,  and  was 
the  principal  ingredient  in  domestic  utensils,  and  in  the  instru- 
ments of  war,  previous  to  the  discovery  of  malleable  iron. 
The  word  copper  is  derived  from  the  island  of  Cyprus,  where 
it  was  first  wrought  by  the  Greeksr 
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1300.  Copper  has  a  fine  red  colour,  and  much  brilliancy;  it 
18  very  malleable  and  ductile,  and  has  a  peculiar  smell  when 
warmed  or  rubbed.  It  melts  at  a  cherry  red  or  dull  white 
heat  Its  specific  gravity  is  8,90.  Under  a  flame,  urged  by 
oxygen  gas,  it  takes  fire,  and  bums  with  a  beautiful  greeo 
light. 

1201.  Copper  is  oxidized  by  air.  This  may  be  shown  by 
heating  one  end  of  a  polished  bar  of  copper,  which  will  exhibit 
various  shades  of  colour,  according  to  the  intensity  of  the  heal 

A  plate  of  copper,  exposed  for  some  time  to  heat,  becomes 
covered  with  an  oxide,  which  breaks  oflfin  scales  when  the  cop- 
per  is  hammered.  It  is  composed  of  62  of  the  black  oxide  ind 
38  copper.  This  oxide,  when  exposed  on  a  muffle,  is  fiurther 
oxidized,  and  assumes  a  deep  red  hue.  Copper  is  also  oxidised 
by  long  exposure  to  a  humid  atmosphere,  and  assumes  a  greeo 
colour  ;  but  the  green  compound  holds  carbonic  acid  in  combi- 
nation. The  oxides  of  copper  do  not  return  to  a  metallic  stale 
by  the  mere  application  of  heat ;  but  require,  for  their  redue* 
tion  the  admixture  of  inflammable  matter. 

1202.  Native  Copper  occurs  in  a  variety  of  forms;  massive, 
dendritic,  granular,  and  crystallized  in  cubes,  octoedn,  &e.  It 
is  found  in  Cornwall,  Siberia,  and  other  parts  of  Europe.  Lafge 
masses  have  been  found  in  various  parts  of  America',  one  of 
which,  about  30  miles  from  Lake  Superior,  described  by  Mr 
Schoolcraft,  weighs  by  estimation  2,000  lbs.* 

1203.  Copper  and  Oxygen.  Copper  is  susceptible  of  only 
two  degrees  of  oxidizement ;  in  its  lower  stage  the  compound  is 
red  ;  when  oxidated  to  the  maximum,  it  is  black.  The  red  or 
Protoxide  occurs  native.  It  may  be  formed  artificially,  by 
digesting  a  mixture  of  metallic  copper,  and  peroxide  of  copper, 
in  muriatic  acid.  MrChenevix  recommends  the  following  pro- 
cess. Mix  together  57\  parts  of  black  oxide  of  copper,  precipi- 
tated from  the  sulphate  on  an  iron  plate.  Triturate  it  in  a  mot- 
tar,  and  put  the  mixture  with  400  parts  of  muriatic  acid,  into  a 
phial,  which  is  to  be  well  stopped.  The  copper  and  its  oxide 
will  be  dissolved  with  heat.  When  potash  is  poured  into  this 
solution,  the  oxide  (or  rather  hydrated  protoxide)  of  copper  is 
precipitated  of  an  orange  colour.  -  This  oxide,  when  deprived 
of  water,  becomes  red  ;  but  it  attracts  oxygen  so  strongly  that 
it  can  scarcely  be  dried  without  absorbing  more.  It  is  con- 
posed  of 

Copper 88,89 100. 

Qxygen 11,11 13,5 

100.         H.  2.  90. 

1204.  The  equivalent  number  of  copper,  deducible  from  lbs 
composition  of  the  protoxide,  is  therefore  64,  for  12,5  :  100 : : 
8  :  64,  and  the  protoxide  will  consist  of  1  atom  copper  s  64  -^ 
1  atom  of  oxygen  8  =  72. 

*  See  other  localitiei  in  CleaTeUoA'i  Miaectlogy,  p.  554. 
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The  JRuby   Copper  of  mineralogists  is  a  native  Protoxide. 

1205.  Peroxide  of  Copper  may  be  obtained,  either  by  cal-  vwniA: 
eining  the  scales  of  copper,  which  have  already  been  alluded 

tOy  under  a  muffle ;  or  by  decomposing  nitrate  of  copper  by 
earbonate  of  potassa.  and  igniting  the  precipitate;  or  by  the 
simple  Ignition  of  the  nitrate.     It  is  composed  of 

Copper 80 100  ConpMiUm. 

Oxygen 20 25 

loo.         H.  2.  89. 

1206.  The  composition  of  this  oxide  is  learned  by  dissolving 
100  grains  of  pure  copper  in  nitric  acid,  evaporating  to  dry- 
ness, and  giving  the  residue  a  red  heat  in  a  porcelain  crucible; 
it  is  peroxide  of  copper,  and  weighs  125  grains :  considering  this 
u  a  compound  of  1  proportional  of  copper  and  2  of  oxygen,  the 
number  64  will  represent  the  metal;  for,  25  :  100  :  :  16  :  64. 

100  grains  of  pure  native  protoxide  of  copper  in  octoedral 
crystals,  dissolved  in  muriatic  acid,  furnished  a  precipitate  of 
89  grains  of  metallic  copper  upon  a  plate  of  iron,  so  that  the 
protoxide  consists  of  89  copper  -\'  W  oxygen;  and  11  :  89  :  : 
8  :  64,7.     B. 

This  number  closely  accords  with  that  derived  from  the  anal- 
ysis of  the  chloride. 

1207.  Copper  and  Chlorine,     Gaseous  chlorine  acts  upon  chiorid^ 
copper  with  great  energy,  and  produces  two  chlorides ;  the  one 

a  fixed  fusible  substance,  which  is  the  protochloride,  consisting 
of  1  proportional  of  copper  =  64+1  proportional  of  chlorine 
=  36.  The  other  a  volatile  yellow  substance,  which  is  a  per- 
ehloride,  and  contains  64  copper  +  72  chlorine. 

1208.  The  Protochloride  of  Copper  was  first  described  by  pro,o.ch,„. 
Boyle  in  1666,  under  the  name  of  Rosin  of  Copper.  It  may  ^'He,  bow 
be  obtained  by  exposing  copper  filings  to  the  action  of  chlorine  ° 

not  in  excess  ;  or  by  evaporating  the  protomuriate,  and  heating 
the  residue  m  a  vessel  with  a  very  small  orifice ;  or  by  heating 
the  perchloride  in  the  same  way.  It  is  also  the  residue  of  the 
distillation  of  a  mixture  of  two  parts  of  corrosive  sublimate  and 
one  of  copper  filings.  It  is  insoluble  in  water,  but  soluble  in 
muriatic  acid,  from  which  potassa  throws  down  a  protoxide. 
When  water  is  added  to  its  muriatic  solution  it  is  precipitated 
unaltered  ;  its  colour  varies,  being  generally  dark  brown  ;  but  if 
fused  and  slowly  cooled,  it  is  yellow,  translucent,  and  crystalline. 

1209.  When  moistened  chloride  of  copper  is  exposed  to  air,  it  <^on^«rt«J 
acquires  a  greenish  white  colour,  and  becomes  converted  into  a  mur.ate. 
mioperrnvriate  of  copper.     The  same  compound  may  be  formed 

l)y  adding  hydrated  peroxide  of  copper  to  a  solution  of  the  per- 
noriate ;  or  by  exposing  to  the  atmosphere  slips  of  copper  par- 
tially immersed  in  muriatic  acid.     This  compound  consists  of 
2  proportionals  peroxide  of  copper  80  X  2  =  160 

1  ___^—  muriatic  acid 37 

2  water IS 

215 
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Frotonnriate. 


Natire  fob- 
nuriatr,  or 
aiacauiite. 


Mtrmfe. 


*  CMorat*  o/C9pp$r  it  a  bloe-i^rficn  deliqueicent  salt,  diftenltlj  evyctalluable, 
iog  pcrozida  of  copper  in  chloric  acid.    A  piece  of  paper  dipped  iato  iU  tohrtioo 
markable  green  flame. — Vauqiielin.    An  lodidt  ofCofptr  b  precipitated  fr 
bj  hjdriodic  acid.    It  it  brown  and  iaeoloble.    When  mIuCmw  of  poUiw  at  ftided  to  whtfm  rf 
per.  an  intoluble  iodaf  iff  copper  ii  tbrowo  down. 


Pcrebioriae.  1210.  Ptrchloride  qf  Copper  may  be  formed  by  dissoIviDg 
peroxide  of  copper  in  muriatic  acid,  and  evaporating  to  drynev 
by  a  heat  below  400°.  It  is  soluble  in  water,  producing  a  po^ 
muriate,  from  which  potassa  precipitates  the  peroxide  :  its  col- 
our is  yellow,  but  it  becomes  white  and  afterwards  green  when 
exposed  to  heat  and  moisture.  Exposed  to  a  red  heat  in  a  tube 
with  a  very  small  orifice,  gaseous  chlorine  is  expelled  and  it 
becomes  a  protochloride.  (1209.) 

1211.  Muriatic  acid  acts  with  difficulty  on  metallie  copper, 
Actioaofmu.  oxccpt  it  bc  coHcentratod  and  boiling;  but  it  readily  dis80l?ei 
riaticacid.  tho  pcroxidc,  forming  a  brown  or  grass-green  solution,  accord- 
ing to  its  state  of  dilution.  This  is  a  permuriaie  qf  copper* 
If  plates  of  copper  be  exposed  to  the  joint  action  of  air  and  the 
fumes  of  muriatic  acid,  they  become  incrusted  with  a  green 
powder,  which  is  readily  soluble  in  muriatic  acid,  and  whieh 
is  the  subpermuriaie.  (1290.) 

If  metallic  copper  be  digested  in  muriatic  acid  with  the 
peroxide,  an  olive-coloured  solution  o{  proiamuriaie  qf  copper 
is  formed  which  strongly  attracts  oxygen,  and  which,  when  con- 
centrated, deposits  small  grey  crystals.  The  addition  of  potassi 
occasions  a  precipitate  of  the  orange  or  protoxide  of  copper,^(1203) 
which  according  to  Berzelius,  consists  of  100  copper  +  1^9^ 
oxygen.  {Jlnnales  de  Chim.  Ixxviii.  107.)  Proust's  analytis 
of  the  peroxide  gives  100  copper  -{-  25  oxygen,  and  these  num- 
bers furnish  64  as  the  equivalent  of  copper.  (1205.) 

1212.  Native  Submuriate  of  Copper  is  found  in  Peru  and 
Chili,  sometimes  in  the  form  of  green  sand,  and  sometimes 
massive  and  crystallized.  The  green  sand  was  found  in  the 
river  Lipas,  in  the  desert  of  Atacama,  separating  Peru  from 
Chili,  hence  mineralogists  have  termed  this  variety, etf/ocami/e. 
Muriate  of  copper  has  also  been  found  upon  some  of  the  lavis 
of  Vesuvius.  The  primitive  form  of  this  substance  is  an  octoe- 
dron.  It  is  of  a  deep  green  colour,  and  contains,  according  to 
Dr  Davy's  analysis,  73  peroxide  of  copper  +  1%^  mnriatie 
acid  +  10,8  water.* 

1213.  Nitrate  of  Copper.  Nitric  acid,  diluted  with  three 
parts  of  water,  rapidly  peroxidizes  copper,  evolving  ni trie  oxide, 
and  forming  a  bright  blue  solution,  which  affords  deliquescent 
prismatic  crystals  on  evaporation,  of  a  fine  blue  colour  and  very 
caustic.  It  consists  of  80  peroxide  +  108  acid  ;  but  the  cryi* 
tals  contain  a  considerable  portion  of  water,  which  causes  them 
to  liquefy  at  a  temperature  below  212°.  At  a  higher  tempera- 
ture they  lose  water  and  acid,  and  according  to  Proust  become 
a  aub^ernitrate^  which  is  insoluble  in  water,,  and  entirelj 
decomposed  at  a  red  heat.     There  appears  to  be  no  protonitnto 
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f  copper,  for  protoxide  of  copper,  digested  in  very  dilute  nitric 
eld  is  resolved  into  peroxide  which  dissolves,  and  into  metallic 
opper.     Potassa  forms,  in  this  solution,  a  bulky  blue  precipi-  Hv<irated 
ite   of  hydrattd  peroxide   of  coppery  which  when  boiled  in  p«roxide. 
oiassa  or  soda,  becomes  black  from  the  loss   of  its   combined 
rater. 

1214.  When  crystals  of  nitrate  of  copper  are  coarsely  pow-  Eip. 
lered,  sprinkled  with  a  little  water,  and  quickly  rolled  up  in 

.  sheet  of  tin  foil,  there  is  great  heat  produced,  nitrous  gas  is 
apidly  evolved,  and  the  metal  often  takes  fire. 

1215.  If  ammonia  be  added  to  solution   of  nitrate  of  cop-  Ammooio- 
ler,  it  occasions  a  precipitate  of  the  hydrated  peroxide ;   but  if  '''^^''' 

t  be  added  in  excess,  the  precipitate  is  re-dissolved,  and  a  triple 
imfnanio-nitrate  of  copper  is  produced. 

1216.  If  peroxide  of  copper  be  digested  in  ammonia  it  is  dis-  Ammoniurat 
K)lved,  forming  a  bright  blue  solution,  which  by  careful  evapo-  ^^^^^^^'^ 
•ation  affords  fine  blue  crystals.     A  mixture  of  lime,  sal  ammo- 

liac,  and  water,  placed  in  a  copper  vessel,  or  mixed  with  oxide 
>f  copper,  also  affords  a  fine  blue  liquor  in  consequence  of  the 
iction  of  the  ammonia  on  the  oxide  of  copper.  This  solution  is 
ihe  Jiqua  Sapphirina  of  old  pharmacy.  The  compound  has 
lometimes  been  called  ^mmoniuret  of  Copper^  or  Cupraie  of 
Ammonia, 

1217.  The  protoxide  of  copper  also  dissolves  in  ammonia,  but 
the  solution  is  colourless ;  if  it  be  exposed  to  air  it  becomes  £<p* 
blue.  This  may  be  well  shown  by  filling  a  tall  glass  with 
liquid  ammonia,  and  adding  a  few  drops  of  solution  of  protomu- 
riate  of  copper ;  the  liquid  presently  acquires  a  blue  colour  upon 
the  surface,  but  remains  for  some  time  colourless  below. 

Into  a  half  ounce  stoppered  phial,  filled  with  a  solution  of  j^ 
ammonia,  drop  a  few  pieces  of  metallic  copper;  if  the  bottle  be 
left  unstopped,  a  beautiful  blue  liquid  will  be  obtained;  if  the 
stopper  be  replaced,  this  colour  in  a  short  time  will  disappear, 
and  re-appear  on  again  admitting  the  air.  In  this  manner  a  blue 
and  colourless  liquid  can  be  alternately  produced  as  we  with- 
draw or  replace  the  stopper.  In  this  experiment  the  peroxide 
when  excluded  from  the  air,  is  converted  into  a  protoxide  by 
the  action  of  the  metallic  copper,  which  again  becomes  the  per- 
oxide by  the  action  of  the  atmosphere. 

1218.  Plates  of  copper  digested  in  a  solution  of  muriate  ot  ^^^^^^^^ 
ammonia,  are  soon  incrusted  with  a  green  powder,  which  has  §»><"* 
been  used  in  the  arts  under  the  name  of  Brunswick  green.* 

*  According  to  Dr  Mac  Cullocb  a  lolution  of  coppor  in  anunooia  majrbe  obtained  by  boilinfc  metal- 
Be  copper  in  water  of  ammooia.  The  water  is  deeompotedt  the  netal  n  oxidated  aod  hydrogen 
etcapea.  Advantage  maybe  taken  of  this  in  cleaning  (or  colooring,  ai  it  it  termed  by  jewellers) 
fold  trinkete,  euch  as  chains,  jtc.  which  are  often  made  of  a  rery  inferior  alloy.  Artists  make  nse  of 
ireak  nitric  acid,  or  of  the  materials  from  which  the  acid  is  prodoced,  and  which  often  dettroye  the 
loer  kiodt  of  workmanship  by  dbsolring  the  copper  of  the  alloy  to  some  depth  on  the  surface ;  the 
^Id  not  being  acted  upon,  the  trinket  appears  as  if  newly  gilded.  Boiling  in  ammonia  is  a  safe  sab« 
ttitute  for  this  process  and  th^  operation  may  be  performed  by  any  person  without  the  assistaDceof  |ht 
artist    Brcw^er's  Jomt.  i.  75.    ^Ml.  /oitr.  u.  30ft. 
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1819.  Copper  and  Sulphur.  There  are  two  sulphurets  of 
copper,  both  of  which  exist  native;  the  one  is  black  and  may 
be  formed  artilictnlly,  by  mixing  together  8  parts  of  copper 
filings,  and  2  of  sulphur,  and  exposing;  the  mixture  to  a  gentic 
heal.*  Whenever  the  sulphur  is  raised  a  little  above  its  mcllinK 
temperature,  comhuslion  suddenly  pervades  the  whole  mus 
with  explosive  violence,  exceeding  in  brightness  that  produced 
by  the  fusion  of  iron  and  sulphur. — The  experiment  succecJ* 
equally  well  in  vacuo  or  in  azote.     U.  370. t 

Copper  leaf,  Bcrzelius  obaerves.t  burns  in  gaseous  sulphur, 
as  brilliantly  as  iron  wire  in  oxygen  gas.  A  compound  ii 
formed,  precisely  analogous  to  the  native  black  sulpburet  of 
copper,  or  copper  glance.  It  is  a  proto-sulphuret  and  con- 
sists of 


Copper   . 
Sulphur  . 


,   100  or  1  atom=  04 
,     25    „  1     „     =16 
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1230.  Bi-sulphuret  of  copper  forms  the  principal  iogredient 
oi  copper  pyrites,  or  the  yellow  sulphurei,  which  is  the  most 
important  and  generally  occurring  ore,  affording  the  largest  pro- 
portion of  the  copper  of  commerce. § 

1231.  Hyposulphite  of  Copper  was  formed  by  Mr  Herschel 
by  mixing  hyposulphite  of  potassa  with  sulphate  of  copper.  It 
is  colourless;  of  an  intensely  sweet  taste;  and  provided  air  be 
excluded,  it  is  not  turned  blue  by  ammonia,  which  seems  to 
show  that  the  metal  is  in  the  state  of  protoxide. — Edin.  Philot. 
J;ar.  i.  24. 

1322.  Sulphite  qf  Copper  may  bs  ohlained  hy  passintjacur- 
renl  of  sulphurous  acid  g.is  (whinh  h.is  been  first  passed  llirou°;h 
a  small  quantity  of  waler,  in  order  lo  deprivo  it  of  sulphuric 
acidj  into  a  vessel  containing  water  and  peroxide  of  copper.     A 
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$^reeii  liquid  is  formed,  which  contains  sulphite  of  copper,  with 
a  large  excess  of  acid  ;  and  sulphite  of  copper  in  very  small 
red  crystals,  remains  at  the  bottom  of  the  vessel.  This  salt 
has  been  investigated  by  Chevreuil,*  and  found  to  consbt  of 
protoxide  of  copper  63,84  sulphurous  acid  36,16.     H. 

1223.  When  sulphite  of  potassa  is  added  to  nitrate  of  copper 
a  precipitate  falls,  which  assumes  the  form  of  red  and  yellow 
crystals.  The  former  are  sulphite  of  copper ;  the  latter  a  trip- 
pie  sufyhite  of  potassa  and  copper. — Chbvrkuil.  * 

1234.  Persulphateof  Copper.— Roman  Vitriol— Blue  Vti-  J^fJ^j"*^ 
riol. — ^This  salt  is  formed  by  dissolving  peroxide  of  copper  in  noi. 
sulphuric  acid.  It  crystallizes  in  rhomboidal  prisms  of  a  fine 
blue  colour,  doubly  refractive,  and  soluble  in  about  4  parts  of 
water  at  60^.  It  may  also  be  formed  by  boiling  copper  filings 
in  sulphuric  acid ;  a  process  which  furnishes  abundance  of  sul- 
phurous acid,  but  which  is  not  generally  had  recourse  to,  to 
produce  sulphate  of  copper.  It  is  made  upon  a  large  scale,  by 
exposing  roasted  sulphuret  of  copper  to  air  and  moisture.  When 
heated  it  loses  water  of  crystallization,  and  at  a  higher  tempera- 
ture sulphuric  acid  is  evolved,  utimixed  with  sulphurous  acid, 
as  in  the  case  of  the  decomposition  of  protosulphate  of  iron, 
(1115)  and  peroxide  of  copper  remains.  It  is  the  Vitriol  or 
8€Ut  of  Venus  of  the  alchy mists.  It  consists  of  80  peroxide  +  compowtion. 
80  sulphuric  acid,  when  crystallized  it  contains  10  proportionak 
of  water,  and  consequently  its  composition  will  stand  thus  :— 

1  proportional  of  peroxide 80 

2  proportionals  of  sulphuric  acid  •  •  •  .  80 
10  proportionals  of  water 90 

250     B. 

Strictly  speaking  this  salt  is  a  bi-sulphate.    H. 

There  appears  to  be  no  /7ro/09tii^;^/e  of  copper,  for  when 
protoxide  of  copper  is  digested  in  dilute  sulphuric  acid,  metallic 
copper  is  separated,  and  a  solution  of  the  peroxide  obtained. 

1225.  By  cautiously  adding  ammonia  to  a  solution  of  the  fore-  subsaiphatt. 
going  salt,  a  subsulphatt  of  copper  is  precipitated,  consisting 

of  160  oxide  -{-  40  acid.  The  alkalies  precipitate  hydrated 
peroxide  from  the  solution  of  the  persulphate,  and  excess  of  am- 
monia forms  a  triple  sulphate  qf  ammonia  and  copper.  The 
same  compound  is  formed  by  trituratmg  carbonate  of  ammonia 
with  crystals  of  sulphate  of  copper.  It  is  the  cupri  ammonia- 
return  of  the  U.  S.  Pharmaccpeeia.i 

1226.  Phosphoric  acid  unites  with  peroxide  of  copper  in  two  phosphate. 
proportions.     If  solutions  of  phosphate  of  soda  and  sulphate  of 

«  Aao.  <•  Clum.  tS.    181. 

t  ffwlpkmi0  ^Cofp0r  mmd  Potmtm  it  a  triple  salt  formed  hj  dif«ttiaf  peroiiae  of  copper  in  bi.Ml< 
phate  of  potassa.  It  erjstnUixes  in  rhomboids  of  a  p«lc  bine  eoloor.  PAospAona  and  Ctpptr  form  a 
gray  brittJo  phosphuret.  It  it  most  eatilj  made  by  droppiojf  pieces  of  photphonu  OB  red-hot  cupper 
win.    It  ia  oiore  fusible  than  copper. 
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copper  be  mingled  together,  a  bluish  green  precipiuie  k  forin 

ed,  consisting  of 

1  proportional  peroxide  of  copper     80  ...   .  55,35 

2 phosphoric  acid  ...  56  ...  .  38.40 

1  water 9  .   .  .   .     6,25 

145  100, 

It  is  therefore  a   bt-phosphate.    The  phosphate  has  not  yet 
been  formed  artificially,  but  has  been  found  naiive,  of  an  eme- 
rald green  colour.     H." 
"■"  1227.    Carbonate  qf  Cupper,  artificially  prepared,  by  adding 

carbonate  of  potassa  to  sulphate  of  copper  and  drying  the  pre- 
cipitate, is  a  green  compound,  insoluble  in  water,  consisting, 
according  to  Mr  R,  Phillips,  of  80  peroxide  +  23  carbonie 
acid  +  9  water.  It  is,  therefore,  a  snpercarbonale.  Copper, 
exposed  to  damp  air,  becomes  incrusted  with  this  compound. 
Kxposed  to  beat,  it  los&s  water  and  carbonic  acid,  and  leavM 
the  peroxide.  In  order  to  heighten  the  green  tint  for  which 
this  compound  is  esteemed  as  a  pigment,  it  should  be  repeatedly 
washed  with  boiling  water. 

1228.  There  is  a  fine  blue  cupreous  preparation,  called  ffe- 
'"■  ^tier's  Verditer,  principally  made  by  silver  refiners-  It  con- 
sists, according  to  Mr  R.  Phillips,  of  3  proportionals  of  oxide.  4 
of  carbonic  acid,  and  2  of  water.  {Quarterly  Joitrnal  of  Sci- 
ence and  the  jiris,  Vol.  iv.  p.  277.)  There  is  a  very  inferior 
pigment,  also  called  V'erditer,  which  is  a  mixture  of  subsulphite 
of  copper  and  chalk. 

According  to  Pelletier,  a  good  verdiler  may  be  obtained  as 
follows  :  add  a  sufficient  quantity  of  lime  to  nitrate  of  copper  to 
throw  down  the  hydrated  oxide ;  it  gives  a  greeniAh  precipitate 
that  is  to  be  washed  and  nearly  dried  upon  a  strainer  ;  then  in- 
corporate it  with  from  S  to  10  per  cent,  of  fresh  lime,  which 
will  give  it  a  blue  colour,  and  dry  it  carefully. 

1229.  According  to  Mr  Chenevix,  the  alkaline  carhonalet 
dissolve  a  portion  of  the  peroxide  of  copper,  and  form  triple 
salts. 

"■  1230.  Native  Carbonate  of  Copper  is  found  of  a  green  and 

blue  colour.  The  former,  or  Malachite,  is  found  in  varloui 
forms,  but  never  regularly  crystallized.  It  is  of  various  shades 
of  green,  and  often  cut  fnto  small  slabs,  or  used  as  beads  and 
broach  stones.  The  pulverulent  variety  has  been  termed  cryta- 
colla  and  mountain  green. 

"■  1231.  Borate  of  Copper.     Solution  of  borax,  poured  into 

sulphate  of  copper,  produces  a  bulky  pale  green  precipitate  of 
borate  of  copper. 

1232.   Ferrocyanate  of  Copper  is  a  brown  compound,  obtain- 

"'""  ed  by  adding  ferrocyanate  of  potassa  to  a  dilute  solution  of  sul- 
phate or  nitrate  of  copper.  Mr  Uatchett  has  recomineaded  thii 
substance  as  a  brown  pigment. 
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1233.  Many  of  the  alloys  of  copper  are  importaDt.    With  auot*. 
;old  it  forms  a  fine  yellow  ductile  compound,  used  for  coin  and 
ornamental  work.     British  sterling  or  standard  gold  consists  of 

Ll  gold  +  1  copper.  The  specific  gravity  of  this  alloy  is 
17,157.  With  silver  it  forms  a  white  compound,  used  for  plate 
md  coin.  Lead  and  copper  require  a  high  red  heat  for  union ; 
iie  alloy  is  grey  and  brittle. — See  Gold  and  Silver. 

Of  the  alloys  of  copper  with  the  preceding  metals  the  most 
mportant  are  brass  and  bell-metal.  It  forms  white  compounds 
vith  potassium  and  sodium ;  a  reddish  alloy  with  manganese  ; 
ind  a  grey  one  with  iron. 

1234.  Brass  18  an  alloy  of  copper  and  zinc.  The  metals  are  bfmi. 
isualiy  united  by  mixing  granulated  copper  with  calamine 
1159)  and  charcoal :  the  mixture  is  exposed  to  heat  sufficient  to 
'educe  the  calamine  and  melt  the  alloy,  which  is  then  cast  into 
ilates.  The  relative  proportions  of  the  two  metals  vary  in  the 
iifierent  kinds  of  brass  ;  there  is  usually  from  12  to  18  per  cent 

>f  zinc.  Brass  is  very  malleable  and  ductile  w^hen  cold ;  and  its 
*olour  and  little  liability  to  rust  recommend  it  in  preference 
o  eopper  for  many  purposes  of  the  arts.  According  to  M. 
Sage,  a  very  beautiful  brass  may  be  made  by  mixing  50  grains 
)f  oxide  of  copper,  100  of  calamine,  400  of  black  flux,  and  30  of 
charcoal  powder ;  melt  these  in  a  crucible  till  the  blue  flame  is 
ID  longer  seen  round  the  cover;  and,  when  cold,  a  button  of 
brasa  is  found  at  the  bottom,  of  a  golden  colour,  and  weighing 
3nc-9ixth  more  than  the  pure  copper  obtained  from  the  above 
quantity  of  oxide. 

1235.  The  analysis  of  brass  may  be  performed  by  solution  in  amIjuscT 
litric  acid ;  add  considerable  excess  of  solution  of  potassa  and  ^"^ 
)oil,  which  will  dissolve  the  oxide  of  zinc  and  leave   that  of 
copper;  wash  the  latter,  and   dry  and  heat  it  to  redness:  125 

[larta  indicate  100  of  copper.  The  zinc  in  the  filtered  alkaline 
lolution  may  be  precipitated  by  carbonate  of  soda,  having  pre- 
iriously  added  a  small  excess  of  muriatic  acid ;  wash  this  pre- 
cipitate, dry  it,  and  expose  it  to  a  red  heat;  it  is  then  oxide  of 
Einc,  123  parts  of  which  indicate  100  of  metal. 

1236.  Tuienag  is  said  to  be  an  alloy  of  copper,  zinc,  and  a  Tai-tmf. 
little  iron ;  and    ThmbaCf  Dutch  goldj  Similcry  Prince  Bu-  p|||;»»b«ck. 
Qeri*s  nutalf  and  Pifichbeekj^eal\oys  containing  more  copper 

than  exists  in  the  brass,  and  consequently  made  by  fusing  vari* 
mia  proportions  of  copper  with  brass.  According  to  Wiegleb, 
Manheim  gold  consists  of  3  parts  of  copper  and  1  of  zinc.  A 
liiUe  tin  is  sometimes  added,  which,  though  it  may  improve  the 
colour,  impairs  the  malleability  of  the  alloy. 

1237.  Speculum  metal  is  an  alloy  of  copper  and  tin.  with  a  ^ 
little  arsenic ;  about  6  copper,  2  tm,  1  arsenic.     On  this  subject  metai. 
the  reader  is  referred  to  Mr  Edwards's  experiments. — Nichol- 
son's Joumaly  4to.  iii. 

1238.  Bell^metal  and  bronze  are  alloys  of  copper  and  tin ;  bhi  meui 
they  are  harder  and  more  fusible,  but  less  malleable  than  copper ;  ""^^  >"'<><»«- 
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the  former  consists  of  3  parts  of  copper  and  1  of  tin  ;  the  latter 
of  from  8  to  1^  of  tin  with  100  of  copper.  A  little  sine  is  added 
to  small  shrill  bells. 

1239.  From  a  recent  investigation,  Mr  Dalton  finds  that  into 
all  the  alloys  of  copper  which  are  characterized  by  useful  pro- 
perties, the  ingredients  enter  in  atomic  proportions ;  and  it  u 
prohablo  that  by  attention  to  these  proportions,  the  masa&e^ 
ture  of  the  ariilicial  alloys  may  be  greatly  improved.     H.8.99. 

1240.  The  analysis  of  alloys  of  tin  and  copper  may  be  per- 
formed by  digestion  in  nitric  acid,  which  dissolves  the  copper, 
and  converts  the  tin  into  insoluble  peroxide,  which,  when 
washed  and  dried,  consists  of  100  tin+27  oxygen.  The 
cupreous  solution  may  be  decomposed  by  potassa,  and  the  pare 
peroxide  of  copper  indicates  the  quantity  of  that  metal,  asin  the 
analysis  of  brass.  (1235) 

1241.  Vessels  of  copper  used  for  culinary  purposes  are  qib- 
ally  coated  with  tin,  to  prevent  the  food  being  contaminated 
with  copper.  Their  interior  surface  is  first  cleaned,  then  rub- 
bed over  with  sal-ammoniac.  The  vessel  is  then  heated,  a  little 
pitch  or  rosin  spread  over  the  surface,  and  a  bit  of  tin  robbed 
over  it,  which  instantly  unites  with  and  covers  the  copper. 

rharartrrif.  1242.  Thc  cuprcous  salts  are  nearly  all  soluble  in  water,  and 
Ta?  ""^  ^o"  ^^^  ^'"^  ^^  green  colour.  Ammonia  produces  a  compoand  of  a 
p?.r.  °  ^^''  very  deep  blue,  when  added  in  excess  to  these  solutions,  hydnh 

sulphuret  of  ammonia  forms  a  black  precipitate  ;  and  a  plate  of 

iron  plunged  into  a  liquid  salt  of  copper  precipitates  metallie 

copper. 

Ferrocyanate  of  potassa  is  also  an  excellent  test  of  the  presence 

of  copper;  it  produces  a  brown  cloud  in  solutions   eontainiag 

die  peroxide.*  (1232) 


Til  obtain 


Section  XIV.    Lead. 

1?43.  The  natural  compounds  of  this  metal  are  very  name^ 
f^u're'Ttl'd.  ous.  The  most  important  is  the  sulphuret,  from  whieh  the 
pure  metal  is  chiefly  procured.  Lead  is  also  found  combiasl 
with  carbonic,  sulphuric,  phosphoric,  arsenic,  molybdie,  ail; 
chromic  acids,  and  with  oxygen  and  chlorine.  To  obtain 
perfectly  pure,  Berzelius  dissolved  it  in  nitric  aeid,  and 
tallized  the  salt  several  times,  till  the  mother  liquor,  on 
carbonate  of  ammonia,  gave  no  traces  of  copper.  The 
nitrate  of  lead,  mixed  with  charcoal,  waa  strongly  heated 


*  The  oxidation  of  copper  platet  i«  a  matUr  of  Trrj  great  ianportaoee  Im  tta  wK  aad 
(Treat  and  expensive  woriu  where  few  iapreMioos  of  aa  enfravinf  are  taken  and  tk«  ptetaahU 
for  a  considerable  length  of  time,  a  serious  injorj  to  the  pUtes  is  Mstaiaed  bj  tba  ■ecanlgr  af ' 
thpm  from  oxide,  when  they  are  to  be  a^in  used.    This  may  be  prereated  by 
with  common  lac  Tarnish,  which  eao  aaaily  b«  removed*  wban  ra^aisitCi  by  ^ifilcf 
Jour.  I.  76.    Bost.  Jour.  ii>  300. 
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[essian  erocible ;  and  the  lead,  which  separated,  was  kept  for 
>nie  lime  in  fusion,  in  order  to  free  it  entirely  from  charcoal. 
lie  lead,  thus  obtained,  when  re-dissolved  in  nitric  acid,  gave 

0  trace  of  any  other  metal. 

1S44.  Lead  appears  to  have  been  known  in  the  earliest  ages  Pn>rert>t. 
r  the  world.  Its  colour  is  bluish  white.  It  melts  at  600^,  and 
f  the  united  action  of  heat  and  air  is  readily  converted  into 
a  oxide,  its  specific  gravity  is  11,4.  At  common  temperatures 
;  undergoes  little  change  by  mere  exposure  to  air,  but  it  is 
owly  corroded  by  the  joint  as^ency  of  air  and  water ;  hence  the 
anger  of  leaden  pipes  and  vessels  for  containing  water,  which 

1  intended  to  be  drunk.  Water  appears  also  to  act  more 
sadily  on  lead,  when  impregnated  with  the  neutral  salts  that  are 
eeasionally  present  in  spring  water.*  Exposed  upon  ignited 
harcoal  to  a  current  of  oxygen  gas,  it  burns  with  a  blue  flame, 
browing  off  dense  yellow  fumes  of  oxide.  The  alchymists 
jive  this  metal  the  name  of  Saturn.- 

1845.  Oxides  qf  Lead,  There  are  three  oxides  of  lead. 
rbmproioxide  is  the  basis  of  the  salts  ;  it  may  be  obtained  pure  ^*^''*' 
ly  heating  the  nitrate  of  l6ad  to  redness  in  a  vessel  with  a  small 
»rifice,  till  the  whole  of  the  acid  is  expelled.  It  is  insipid  and 
aaoloble  in  water,  of  a  pale  yellow  colour,  and,  when  fused, 
ryalaUiiM  on  cooling  in  irregular  scales.  It  is  volatile  at  a 
aright  red  heat.  It  is  very  soluble  in  solutions  of  potassa  and 
loda;  and  when  in  fusion,  it  readily  dissolves  several  of  the 
larthy  bodies,  and  of  the  common  metallic  oxides.  If  it  be 
onsidered  as  a  protoxide,  consisting  of  one  proportional  of  lead 
nd  one  of  oxygen,  then  the  number  104  (deduced  from  the 
aean  of  the  best  analyses)  will  represent  lead,  and  it  will  con- 
ist  of  104  lead  -{-  ^  oxygen.  This  oxide  is  known  in  com- 
nerce  under  the  name  of  massicot ;  or  when  vitrified,  as  ^^^-^^^^^ 
obtained  by  calcining  lead  upon  a  large  scale,  it  is  called  litharge. 

When  melted  lead  is  exposed  for  some  time  to  the  air,  it 
«come8  incrusted  with  a  grey  pellicle,  which,  on  removal,  is 
ueceeded  by  another  and  so  on  until  the  whole  is  converted 
nto  a  greenish  grey  powder,  consisting  of  a  mixture  of  the  pro- 
oxide  with  metallic  lead. 

1246.  If  the  protoxide  be  exposed  to  heat  and  oxygen,  it  ^^j^,,,^ 
iradually  acquires  a  bright  red  colour,  and  is  known  under  the 
lame  of  minium  or  deutoxide  of  lead.  This  oxide,  when  ex- 
NMed  to  nitric  acid,  is  resolved  into  protoxide,  which  is  dissolv- 
id,  and  into  peroxide^  which  is  an  insoluble  brown  substance, 
lonaisting  of  104  lead  +  16  oxygen.  When  peroxide  of  lead  is 
leated  it  gives  out  half  its  oxygen  and  becomes  yellow  pro- 
oxide. 

Miniam  affords,  on  analysis  104  lead  +  12  oxygen,  and 
nay,  therefore,  be  regarded  as  a  definite  compound  of  the  pro- 
oxide  and  peroxide. 

*Ob  A«  pmence  of  lesd  in  w«tor,  eoniult  Dr  Lftnhe*f  •*  1l«ie»rcbei  retpecting:  Spring  Watrr  ** 
Ito.  Load.  Johawa)  uid  alw  Goylon,  36  Nicb.  Joar.  10?. 


The  minium  or  red  lead  of  commerce  geoerally  contaioi  i 
proporlion  of  protoxide  and  of  sulphate,  wiih  traces  of  chloride 
of  lead  and  silica.  To  succeed  in  obtainio^  it  of  a  line  red  litil, 
it  requires  to  be  manufactured  in  quantities,  and  with  seven] 
precautions.  The  method  employed  in  Derbyshire  is  described 
in  Watson's  Chemical  Essay.t,  Vol.  iii.  p.  338, 

1247.  The  oxides  of  lead  are  easily  vitrified,  aad  have  the 
property  of  uniting  with  all  the  metals  except  gold  and  silver. 
Hence  gold  or  silver  may  be  purified  by  melting  them  witli 
lead.     See  (1256.) 

Oils  dissolve  the  oxide  of  lead,  and  become  thick  and  con- 
sistent;  in  which  slate  they  are  used  as  the  basis  of  plistent, 
cements  for  water-works,  painls,  &c. 

1248.  Lead  and  Chlorine,— Chloride  of  Lead.  When  30 
grains  of  lead  reduced  lo  line  filings,  are  thrown  into  60  cubic 
inches  of  chlorine  gas,  moderately  warmed,  the  metal  buru 
with  a  clear  white  flame  accompanied  with  sparks."  The  com- 
binalion  of  lead  and  chlorine  may,  however,  be  more  easilj 
cfiWcted,  by  precipitating  the  nitrate  or  any  soluble  salt  of  lead 
with  a  solution  of  common  salt,  and  washing  the  precipitiU 
with  a  sufficient  quantity  of  water.     H.  3.  105. 

The  same  substance  is  obtained  by  adding  muriatic  sctd  to 
nitrate  of  lead  ;  it  is  while  and  fusible,  and  on  cooling  forms  t 
hornlike  substance  {plvmbum  cornetim.)  It  volatilizes  >l  i 
high  temperature.  It  dissolves  in  22  parts  of  water  at  60";  ii 
more  soluble  in  boiling  water,  separating,  as  the  solution  cooIj, 
in  small  acicular  crystals,  unchanged  by  exposure  to  air,  and  ol 
a  sweetish  taste.  It  dissolves  in  dilute  nitric  acid.  It  has  btea 
analyzed  by  Berzelius,  who  states  it  lo  consist  of  100  muriitic 
acid  +  40y,0G  protoxide  of  lead,  equivalent  lo  380,06  mellltic 
lead  +  129  chlorine.  Dr  J.  Davy  found  it  to  be  composed  of 
Chlorine  ....  35,78  ....  34,75  ....  36 
Lead 74,22  ,  .  .     100,    ....     104 

100,  140 

It  is  the  only  compound  of  chlorine  and  lead  that  is  koowa 
and  is  constitutor!  of  l  atom  of  each  of  its  elements.     H. 

1249.  When  two  parts  of  the  red  oxide  of  lead  are  made  into 
a  paste  with  one  of  muriate  of  soda,  and  water  added  occasion- 
ally as  the  mixture  hardens,  soda  is  disengaged,  and  aaudchlo- 
ride  of  lead  is  formed  mixed  with  oxide  of  lead.  This,  on 
fusion,  affords  Ihe  line  yellow  pigment  called  mineral  or  pattnl 
yellow.  The  disengaged  soda  aliracls  carbonic  acid  from  the 
atmosphere,  bu^  nut  enough  to  convert  it  inlo  a  carbonate.  In 
the  lar^e  way,  il  is  founil  necessary  lo  supply  carbonic  acid  to 
the  suda  thus  formed,  by  burning  it  with  saw-dust.  By  this 
process  a  large  quantity  of  soda    was  extracted  from  common 


8ULPBURST   OF  L£AD«  329 

salt  till  cheaper  methods  were  discovered.  H.  2.  106.  When 
treated  by  nitric  acid,  it  forms  nitrate  of  lead  and  a  portion  of 
chiorine  separates. 

1250.  Chlorate  of  Lead  is  obtained  by  digesting  the  pro-  chionte. 
toxide  in  chloric  acid  ;  it  separates  by  slow   evaporation,  in 
white  crystalline  flakes  of  a  very  sweet  taste.     When  heated  it 
gives  out  oxygen  and  becomes  a  chloride. 

1251.  Iodide  of  Lead^  formed    by   heating  leaf-lead   with  loaide. 
iodine,  is  a  yellow  insoluble  compound.     It  is  also  formed  by 
idding  hydriodic  acid  or  hydriodate  of  potassa  to  solution  of 
nitrate  of- lead.     It  consists  of  1  atom  of  iodine  and  1  of  lead.* 

1252.  Nitrate  of  Lead  is  obtained  by  dissolving  the  metal,  Nitrate. 
not  in  excess,  in  dilute  nitric  acid,  and  evaporation.  The  salt 
crystallizes  in  tetraedraand  octoedra,  which  are  white  translu- 
cent, and  of  a  styptic  taste.  It  is  soluble  in  8  parts  of  water  at 
212^.  It  consists  of  112  oxide  of  lead  +  54  nitric  acid.  The 
alkalies  throw  down  protoxide  of  lead  from  the  solution  of  this 
salt. 

1253.  Subnitraie  of  Lead  maybe  formed  by  boiling  a  mix-  subn'trat.-. 
lure  of  equal  weights  of  nitrate  and  protoxide  of  lead  in  water, 
filtering  while  hot,  and  setting  it  by  to  crystallize ;  it  forms 
pearly  crystals,  of  a  sweet  astringent  taste.  (CH£VR£niL,  ndn- 
nales  de  Chimiey  Ixxxii.)  It  consists  of  two  proportionals 
oxide  ss  224,  -f  one  proportional  nitric  acid  =  54. 

1254.  Chevreuil  and  Berzelius  have  described  three  nitrites 
of  lead,  but  their  composition  appears  doubtful,  (tdnn,  de 
Chifn.  Ixxxiii.  and  Ixxxviii.)  A  detailed  account  of  them  is 
given  by  Dr  Thomson. — System^  ii.  578. 

1255.  Sulphuret  of  Lead  may  be  formed  artificially  by  g^^  ^^^ 
fusion.     Its  lustre  and  colour  much  resemble  pure  lead,  but  it  is    "  '^ " 
brittle  :  it  consists  of  104  lead  4-  16  sulphur. 

1256.  Native  Sulphuret  of  Leadf  or  Galena,  is  the  prin- 
cipal source  of  the  vast  commercial  demands  of  the  meial.  It 
occurs  massive  and  crystallized,  particularly  in  limestone 
rocks.  Its  primitive  form  is  the  cube,  of  which  there  are 
several  modifications,  and  among  them  the  octoedron.  Ii  often 
contains  traces  of  silver,  and  sometimes  in  such  quantity  as 
to  render  it  worth  separating,  which  is  efiected  by  exposing 
the  roasted  sulphuret  to  the  action  of  heat  and  air  in  shallow 
earthen  dishes  ;  the  lead  becomes  oxidized  and  converted  into 
litharge,  while  the  silver  is  Icfl  pure,  in  consequence  of  its 
power  of  resisting  the  influence  of  heat  and  air.  This  process  is 
called  cupellation.  The  litharge  is  afterwards  reduced  by  fusion  cupfiiat.on. 
with  charcoal.t 

The  reduction  of  galena  upon  a  large  scale  is  a  sufficiently 
simple  process.     The  picked  ore,  after  having  been  broken  and 

*  An  imoluble  lodaie  of  Lead  is  thrown  down  on  adding;  iodate  of  potassa  to  anj  of  the  soluble 
iftltsof  lead. 

t  Tb«  quaotjty  of  lead  r^qntred  for  tWrf.r  of  various  dej^ees  of  fin^nr*«  may  b<f  karnfd  from  a  me- 
Boirof  D'Arcetio  the  first  volume  of  Annales  de  Chim.  vtde  Plijrs. 
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washed,  is  roasted  in  a  reverberalory  fire,  the  temperature  being 
such  as  to   soften  but  not   fuse  it.     During  ihis  operation  it  ii 
raked  till  the  fumes  of  sulphur  are  dissipaleU,  when  ii  is  brou^t 
into  perfect  fusion  ;  the  lead  sinks  to  the  boltom,  and  is  run  out    ' 
iiilo  oblong  moulds  called  pigs;  the  scoriic  are  again  melted,    , 
and  furnish  a  porlion  of  less  pure  metal. 

The  mines  of  Great  Britain  afford  an  annual  produce  of  about 
4S0OO  Ions  of  smelted  lead,  of  which  nearly  the  whole  is  obtalq- 
ed  from  ihe  sulphuret. 

1257.  Hypasulphile  of  Lead  is  precipitated  in  the  form  of 
a  white  powder,  nearly  insoluble  in  water,  by  adding  solution 
of  nitrate  of  lead  to  hyposulphite  of  poiassa.  It  is  compowd, 
according  to  Herschel,  of  70,30  protoxide  of  lead -f- 29,70 
hyposulphurous  acid.  These  numbers  correspond  to  1  propor- 
lioiial  of  oxide  of  lead  =  112+3  proportionals  of  hyposulplmr 
Dus  acid  =  48. 

1258.  5'w/;D/«Ve  oyiearf  may  be  obtained  by  digestingyeUow 
oxide  of  lead  in  sulphurous  acid  ;  or  by  adding  sulphurous  >eid 
or  sulphite  of  potassa  to  nitrate  of  lead.  Il  is  white,  inioltlble, 
ami  tasteless,  and  consists  of  one  proportional  of  each  of  it) 
components ;  namely,  32  sulphurous  acid+  113  oxide  ofJeuL 
When  heated  it  loses  sulphurous  acid. 

1259.  Sulphate  of  Lead.  When  metallic  lead  is  boiled  in 
concentrated  sulphuric  acid,  sulphurous  acid  is  evolved,  and  a 
white  sulphate  of  lead  is  formed.  It  is  so  nearly  insoluble,  that 
it  may  be  formed  by  adding  dilute  sulphuric  acid,  or  an  alka- 
line sulphate,  to  a  solution  of  nitrate  of  lead.  Dr  Thomsoti 
found,  that  after  having  been  dried  at  a  temperature  of  400°,  it 
might  be  heated  to  redness  in  a  platinum  crucible  without  losiaj; 
weight.  Healed  on  charco.tl  by  the  blowpipe,  it  is  decomposed 
and  reduced.  It  consists  of  one  proportional  of  sulphuric 
acid  =  40,  and  one  proportional  of  oxide  of  lead  =  112;  and  ill 
lepresentative  number  is  therefore  l$i.  Sulphate  of  lead  ii 
insoluble  in  alcohol  and  in  nitric  acid  :  it  is  sparingly  soluble  in 
dilute  sulphuric  acid,  and  separates  from  it  in  smull  prismiUe 
crystals. 

The  insolubility  of  lead  in  sulphuric  acid  occasions  its  beiog 
employed  as  ihe  material  for  constructing  the  chambers  io 
which  that  acid  is  prepared,  and  even  for  boiling  down  tlie 
weak  acid.  (529).  H. 
^-  1260.  Ail  the  solutions  of  leiid  are  decomposed  by  sulphuret* 
ted  hydrogen  and  by  alkaline  hydro-sulphurels,  and  s  bydro- 
sulphuretled  oxide  is  thrown  down.  Hence  these  compouods 
are  excellent  tests  of  the  presence  of  lead  in  wine  or  any  other 
liquor,  discovering  it  by  a  dark  coloured  precipitate.*  Hence, 
also,  characters  traced  with  solution  of  acetate  of  lead,  become 
legible  when  exposed  to  sulphuretted  hydrogen  gas.     The  same 
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property  explains,  too,  the  effect  of  alkaline  hydro-sulphorets 
in  blackening  the  glass  bottles,  in  which  they  are  kept  The 
efiect  is  owing  to  the  action  of  sulphuretted  hydrogen  on  the 
oxide  of  lead,  which  all  the  white  glass  contains.     H.  2.  10.* 

1261.  Phosphate  of  Lead  is  formed  by  mixing  solutions  of  pbo,pi,«t,. 
nitrate  of  lead  and  phosphate  of  soda,  or  phosphoric  acid.     It  is 
yellowish  white;  insoluble  in  water;  soluble  in  alkaline  solu- 
tions, and  in  nitric  acid.     It  is  decomposed  by  sulphuric  acid, 

and  by  hot  muriatic  acid.  It  fuses  before  the  blowpipe,  and 
crystallizes  on  cooling.  It  consists  of  112  oxide  of  lead  -f  28 
phosphoric  acid  =  140.t 

1262.  Carbonate  of  Lead. — ^When  an  alkaline  carbonate  is  caibonat*. 
added  to  nitrate  of  lead,  a  white  precipitate  of  carbonate  of  lead 

falls :  it  is  tasteless,  insoluble  in  water,  but  soluble  in  fixed 
alkaline  solutions.  It  is  employed  as  a  white  paint,  under  the 
name  oi  white  lead  or  ceruse^  and  is  usually  prepared  by  ex- 
posing  sheet  lead  to  the  action  of  the  vapour  of  vinegar.  The 
process  is  described  in  Aikin's  Dictionary  {Art,  Lead.)  It 
consists  of  112  oxide  of  lead  -f  22  carbonic  acid  =134  carbo- 
nate of  lead. 

1263.  Borate  of  Lead  is  precipitated  in  the  form  of  a  white 
powder,  when  borate  of  soda  is  mixed  with  nitrate  of  lead. 

1264.  The  soluble  salts  of  lead  have  a  sweetish  austere  taste,  chancten^r 
and  are  characterized  by  the  white  precipitate  produced  by  fer-  {^^^.'^^  ^^ 
Tocyanate  ofpotassa,  the  deep  brown  by  hydrosulphuret  of  am- 
monia, and  the  yellow  by  hydriodate  of  potassa. 

1265.  The  salts  insoluble  in  water  are  dissolved  by  soda  and 
potass&i  and  by  nitric  acid,  when  the  metal  is  rendered  manifest 
by  sulphuretted  hydrogen  and  other  tests.  Heated  by  the 
blow-pipe  upon  charcoal  they  afford  a  button  of  metal. 

1266.  The  Mloys  of  Lead  with  the  preceding  metals  are  not  AUoy*. 
important,  if  we  except  that  which  it  forms  with  tin.     Common 
pewter  consists  of  about  80  parts  of  tin  and  20  of  lead.     Equal 
parts  of  lead  and  tin  constitute /?/timA^'^  solder ;  and  what  is 
VertneA  pot-metal  is  an  alloy  of  lead  and  copper. 

1267.  In  analyzing  these  alloys,  100  grains  in  filings  may  be  Anaiymor. 
boiled    to  dryness  in  two  ounces  of  nitric  acid,  water  poured 

upon  the  residue,  and  filtered  ;  the  peroxide  of  tin  remains  on 
the  filter,  and  the  nitrate  of  lead,  which  passes  through  in  solu- 
tion, may  be  converted  into  sulphate  by  adding  sulphate  of  soda. 
152  grains  of  sulphate  of  lead  dried  at  a  red  heat,  indicate  104 
of  metal ;  and  75  grains  of  washed  peroxide  of  tin  are  equivalent 
to  59  grains  of  metallic  tin. 

1268.  With  potassium  lead  forms  a  brittle  and  very  fusible 
alloy ;  with   sodium  the  compound   is  equally  brittle  but  less 

*Pko$phtrtt  of  Lead  nay  be  formed  bj  droppinff  photpbonis  into  melted  lead.  It  U  of  tbe  colour 
Off  lead,  and  loon  tamitbct.  Hypopko»pkita  ofljtai  hnc  not  been  examined-  Pkospkitt  ofljtai  wat 
ipraparad  by  Berzelitn  bj  mixing  nnirtate  of  lead  with  photphite  of  ammonia.  It  it  white,  l^atelets, 
•nd  inaolobto.  and  appears  to  consist  of  1  proportional  of  oxido  of  lead  =^  1 13  ^^  1  proportional  of  phu«- 
phorous  acid  =:  SO. 

\  Aon.  Philof.  I-  13. 
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fusible.  When  exposed  to  air  these  alloys  suffer  decomposilion 
in  consequence  of  ihe  oxidizement  of  ihe  alkaline  bases.  The 
alloy  of  lead  and  manganese  has  noi  been  examined.  Wheo 
lead  is  fused  with  iron,  Iwo  alloys  are  obtained;  that  at  the  bot- 
tom of  the  crucible  consisting  of  lead  with  a  lillle  iron;  while 
the  superficial  portion  is  iron  with  a  lillle  lead  (Ouvton  Mo«- 
TEAn,  Jinn,  de  Chim.  Wit.)  With  zinc,  lead  forms  a  hard  duc- 
tile alloy. 

IS69.  If  lead  be  heated  so  as  to  boil  and  smoke,  it  sooa  dis- 
solves  pieces  of  copper  thrown  into  it  i  the  mixture,  when  cold, 
is  briltle.  The  union  of  these  two  metals  is  remarkably  slight; 
for,  upon  exposing  the  mass  to  a  heat  no  greater  than  that  in 
which  lead  melts,  the  lead  almost  entirely  runs  off  by  ittdf. 
This  process  is  called  e/jyi(0'//ofi.  The  coarser  sorts  of  lead, 
which  owe  their  brittleness  and  granulated  texture  to  an  admix- 
ture of  copper,  throw  it  up  to  the  surface  on  being  melted  by  i 
small  heal,     U.  544. 


Section  XV.     Jlntimovy. 

1270.  This  metal  is  found  native  in  Sweden,  in  Franee>aD(l 
in  the  Hartz ;  but  its  principal  ore  is  the  sviphuret  whith  il 
found  massive  and  crystallized,  and  of  which  there  are  Hvenl 
varieties.  The  most  common  is  the  radiated,  which  isofl 
grey  colour,  brittle,  and  frequently  crystallized  in  four  and  »«• 
sided  prisms.  This  ore  may  be  decomposed,  and  the  pure  sielil 
obtained  from  it,  by  the  following  process :  Mix  three  parts  tS 
the  powdered  sulphuret  with  two  of  crude  tartar,  and  throw  lt» 
mixture  by  spoonfulls  into  a  red-hot  crucible;  then  heat  the 
mass  to   redness,  and  a  button    will  be  found  at  the  bottom  of 

''  the  crucible,  which  is  the  metal  as  it  commonly  occurs  in  com- 
merce, and  is  nearly  pure.  Reduce  this  button  to  fine  pomler, 
and  dissolve  it  in  nilro-muriatic  acid  ;  pour  this  solution  Into 
water,  which  will  occasion  the  precipitation  of  a  white  powder, 
which  is  to  be  washed  and  mixed  with  twice  its  weight  of  tar- 
tar and  exposed  to  a  dull  red  heat  in  a  crucible.  The  button 
now  obtained  is  pure  antimony. 

Or,  two  parts  of  the  sulphuret  may  be  fused  in  a  covered  cru- 
cible with  one  of  iron  filings,  and  to  these  when  in  fusion,  half 
a  part  of  nitre  may  be  added.  The  sulphur  quits  the  Botimony 
and  combines  with  the  iron.     H. 

1271.  Antimony  is  of  a  silvery  white  colour,  brittle,  uid 
crystalline  in  its  ordinary  texture.  It  fuses  at  about  8O0*, 
and  is  volatile  at  a  high  heat.  Its  specific  gravity  is  6,70 
(Hatchett,  Philos.  Trans.  1S03.)  (6,424  T.)  Placed  upon 
Ignited  charcoal,  under  a  current  of  oxygen  gas,  antimony  burn* 
with  great  brilliancy,  throwing  off  its  oxide  in  the  form  of  « 
dense  yellow  smoke. 
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1272.  •Antimony  and  Oxygen.  These  bodies  form  two 
svell-defined  compouDds,  the  history  of  which  is  of  great  impor- 
tance to  the  pharmaceutical  chemist. 

The  Protoxide  of  Antimony  is  thus  obtained  :  To  200  parts  protoxiae. 
)f  sulphuric  acid  add  50  parts  of  powdered  metallic  antimony. 
Boil  the  mixture  to  dryness,  wash  the  dry  mass,  first  in  water, 
ind  then  with  a  weak  solution  of  carbonate  of  potassa ;  a  white 
powder  remains,  which  when  thoroughly  washed  with  hot 
nrater,  is  protoxide  of  antimony.  It  may  also  be  procured 
by  dissolving  antimony  in  muriatic  acid,  pouring  the  solution 
into  water,  and  washing  the  white  precipitate  with  weak  solu- 
tion of  potassa. 

1273.  This  oxide  may  also  be  obtained  by  adding  ammonia 
to  solution  of  tartrate  of  antimony  and  potassa,  heating  the  mix- 
ture and  washing  the  precipitate  in  large  quantities  of  boiling 
water.  It  is  thus  procured  in  the  form  of  a  heavy  white  pow- 
der. 

This  protoxide  exists  in  all  the  active  antimonial  prepara- 
tions ;  in  emetic  tartar,  kermes,  glass  of  antimony,  golden  sul- 
phuret,  &c.  It  is  fusible  and  volatile  at  a  red  heat :  decom- 
posed by  sulphur  and  charcoal,  and  when  acted  on  by  nitric 
acid,  is  converted  into  peroxide.  If  heated  with  chlorate  of 
potassa  it  deflagrates  and  also  becomes  peroxidized  ;  it  is  very 
soluble  in  muriatic  acid,  and  readily  forms  emetic  tartar  when 
boiled  in  solution  of  tartrate  of  potassa. 

1274.  When  metallic  antimony  in  fusion  is  exposed  to  a 
bright  red  heat,  it  is  converted  into  an  oxide  which  appears  to 
be  th^  protoxide,  and  which  condenses  in  long  and  delicate 
needles  when  sublimed.  It  was  formerly  called  argentine 
Oawers  qf  antimony. 

The  vapour  of  water,  brought  into  contact  with  ignited  anti-  di>eompofle» 
nony,  is  decomposed  with   so  much  rapidity  as  to  produce   a  '^^^<"'- 
leries  of  detonations.     H.  2.  67. 

1275.  Peroxide  of  Antimony  is  procured  by  acting  for  a 
!onsiderable  time  upon  the  powdered  metal,  by  excess  of  hot  bowoJuaMi. 
nitric  acid,  and  exposing  the  product  to  a  red  heat,  to  expel  the 
redundant  acid.     The  diaphoretic  antimony  and  Bezoar  min- 

tral  of  old  Pharmacopoeias,  consisted  of  this  oxide,  which,  com- 
pared with  the  protoxide,  is  nearly  inert. 

1276.  Peroxide  of  antimony  is  also  formed  by  exposing  the  An^xut  pro. 
metal  or  the  protoxide  mixed  with  five  or  six  parts  of  nitre  to 
I  red  heat  in  a  porcelain  crucible,  and  washing  the  resi<lue  with 
lot  water.*  It  is  yellowish  white,  but  becomes  bufi*-coloured 
;?hen  heated,  and  returns  to  its  former  tint  on  cooling.  It 
leither  fuses  nor  volatilizes  at  a  bright  red  heat,  but  when  ex- 
posed to  the  flame  of  a  spirit-lamp  urged  by  a  blow-pipe,  it 
masses  ofi*  slowly  in  white  fumes,  being  partially  reduced  by  the 
lydrogen  of  the  flame. 

*  Or  bj  projection  powdered  metallic  antimony  into  rrd-hot  nitre.    H. 
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compMitioB       1277.  Th^  two  oxides  are  composed,  according  to  Proust,  as 

.flheoxid...   f^„^^^. 

The  first  of  100  antimony       -f-  22,7  oxygen. 
row  oiMes  '^^®  second  of  100  antimony  -j-  30,    oxygen. 

•fB^i^ii^       1278.  Berzelius  has  described  four  compounds  of  antimooy/ 
which  are  said  to  be  constituted  as  follows : 

1  Suboxide  consisting  of  100  antimony  +    4,65  oxygen. 

2  Oxidule 100 +  18,60  . 

3  White  oxide 100 +  27,90  . 

4  Yellow  oxide 100 +  37,20  . 

The  first,  obtained   by  a  long  exposure  of  the  metal  to  a 

humid  atmosphere,  or  by  making  that  metal  the  positiye  eoo- 
ductor  in  a  galvanic  arrangement,  cannot  be  conaidered  u  t 
definite  compound.  The  next,  is  Uie  true  protoxide  and  may 
be  obtained  as  already  described.  (1272)  This  oxide  fuses  ttt 
red  heat,  and  on  cooling  becomes  an  almost  white  mass  resem- 
bling asbestus.  It  appears  to  be  the  only  oxide  which  is  capt- 
ble  of  acting  as  a  true  base  with  acids,  and  is  that  whieh  givei 
activity  to  the  principal  medicinal  preparations  of  antimony. 
The  third,  or  white  oxide  was  formed  by  Berzelius  by  the  action 
of  nitric  acid  ;  or  by  dissolving  the  metal  in  nitro-muriatie  acid, 
decomposing  by  water,  washing  the  precipitate,  and  eakining 
it  in  a  platinum  crucible.  The  fourth  or  yellow  oxide  wu 
obtained  by  fusing  antimony  with  nitre.  (1276). 

Dr  Thomson  obtained  it  more  simply  by  dissolving  antimony 
in  nitric  acid,  evaporating  to  dryness,  and  exposing  the  product 
Mn'sm^'oi.  for  some  hours  to  a  heat  of  500^  F.  A  yellow  powder  remaio- 
ed,  of  which  7^  parts,  exposed  to  heat,  lefl  7  of  white  dea* 
toxide  ;  and  100  grains  by  distillation  gave  very  nearly  19cqImc 
inches  of  oxygen  gas.t     H.  2.  69. 

1279.  The  atomic  composition  of  these  bodies  is  by  no  means 

Atomic  rom-  Satisfactorily  established.     Proust,}  Berzelius,§  and  Dr  Thorn- 

MtufactodiV  son  have  given  di£ferent  views  regarding  it;  that,  however  far* 

•fiabiished.    nished  by  the  last  mentioned  chemist  is  more  consistent,  Dr 

Henry  thinks,  with  the  general  law  of  chemical  combioation 

and  would  give  44  as  the  equivalent  number  for  antimonyi 

Till  its  composition  is  decided  we  may,  he  conceives,  assume 

that  number  and  consider  the  protoxide  as  constituted  of  one 

atom  of  metal  and  one  of  oxygen  (44  -f  8)  =  52 ;  the  deutoiide 

of  one  and  one  half  (44  -(-  12)  =  56,  and  the  peroxide  of  one 

and  two  (44  -f  16)  =  60.     We  have  here,  however,  with  regard 

to  the  deutoxide,  the  anomaly  of  the  multiple  of  the  oxygen  of 

the  first  oxide  being  1^  instead  of  an  entire  number.y 

Aotimoniom       1280.  The  dcutoxidc  and  peroxide  of  antimony  ought  stridr 

BfAddT^    ly,  indeed,  to   be  arranged  among  acids,  rather  than  among 

*  Ann.  dfi  Chim.  Ixriii.  386.  f  ^'^nt  Principles,  n.4t. 

X  Jour,  de  Fhjt.  iv.  $  Ann.  de  Chim. 

fl  Dr  John  Dtry'i  researchei  on  the  eompontion  of  the  chlorides,  (PhiL  TVnw.  1111;)  gi«t  at 
number  42,6  as  the  representntire  of  antimonj  ;  and  this  neariy  agrees  with  Mr  Bimnin*s  ciperisMi* 
upon  the  composition  of  the  protoxide,  (obtained  bj  precipitatioo  frooB  emetie  tartar),  n^kk  firs  4k 
aad  which  he  has  adopted. 
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oxides ;  for  each  of  them  combiDes  with  salifiable  bases,  and 
tffords  a  class  of  salts.  The  first  has  been  called  the  antimo- 
nious  acid,  and  its  compounds  antimonites ;  the  second  the 
mniimanic  acid,  and  the  salts  which  it  composes  an/tmonta/e^.* 
H.  2.  70.  The  acid  properties  of  peroxide  of  antimony  were  Berxeiwt 
long  since  remarked  by  Thenard,  {Ann.  de  Chirn,  xxxviii.  and  procen. 
zli.)  and  the  subject  has  lately  been  investigated  by  Berzelius, 
who  obtained  it  by  exposing  a  mixture  of  one  part  of  powdered 
antimony  and  six  of  nitre  to  a  red  heat  in  a  silver  crucible  for 
an  hour.  After  washing  o£f  the  soluble  matters  by  cold  water, 
and  digesting  the  white  powder  which  remains,  in  muriatic  acid, 
washing  and  drying  it  at  a  red  heat,  it  is  pure  antimonic  acid, 
and  consists  of  antimony  100,  oxygen  37,2. 

1281.  Antimony  and  Chlorine  combine  in  one  proportion  chioria*. 
only  to  produce  the  chloride  of  antimony.     The  powdered 
metal  takes  fire  when  thrown  into  the  gas,  and  a  compound,  at 

first  liquid,  but  afterwards  concreting,  is  formed.  It  may  also 
be  produced  by  the  distillation  of  one  part  of  powdered  antimony 
with  two  and  a  half  of  bi-chloride  of  mercury  (corrosive  subli- 
mate;) or  by  dissolving  the  protoxide  of  antimony  in  muriatic 
aeidf  tnd  evaporating  to  dryness.  The  pure  chloride  is  a  soft 
tolid  at  common  temperatures,  but  becomes  liquid  by  a  gentle 
heat,  and  crystallizes  as  it  cools.  It  is  the  butter  qf  antimony 
of  old  writers.  It  deliquesces  by  exposure  to  air ;  and  is  a 
powerful  eaustic.  When  water  is  added  to  the  chloride  of  anti- 
monyi  a  mutual  decomposition  ensues  and  hydrated  protoxide 
of  antimony^  formerly  called  AlgarottVs powder,  or  mercuritis 
viimy  and  muriatic  acid  result. 

"Phe  chloride  of  antimony  probably  consists  of  one  atom  of 
each  constituent.! 

1282.  Nitric  acid  acts  powerfully  on  metallic  antimony,  and  Action  of 
if  mixed  with   it   in    fine   powder,  will  sometimes  cause  its  "^"""^^^ 
inflammation.     The  metal  becomes  peroxidized,  and  scarcely  an 
appreciable  portion  is  retained  in  solution.     As  in  some  other 

eases  of  the  vehement  decomposition  of  nitric  acid,  ammonia  is 
produced,  (472)  which  may  be  rendered  sensible  by  pouring 
potassa  on  the  white  magma  that  results. 

Protoxide  of  antimony,  digested  in  dilute  nitric  acid,  pro- 
duces a  difficultly  soluble  salt,  which  separates  in  white  scaly 
crystals,  and  which  appears  to  be  a  nitrate  of  antimony, 

1283.  Nitro-muriatic  acid   readily  dissolves  antimony,   and  — ofnitro- 
forms  an  orange-coloured  solution,  which  is  decomposed  by  the 
iddition  of  water.     Iron  or  zinc  immersed  in  this  solution  throws 
lown  a  black  powder,  which,  according  to  Thenard,  is  pyro- 
phoric. 

1284.  Sulphuret  of  Antimony  is  easily  formed  by  fusing  g^  ^^^^ 
lie  metal  with  sulphur.     This  artificial  sulphuret,  exactly  re- 

*Beffseliiit  has  called  them  $tA\afu»  and  ttihie  acid»,  from  the  Latio  iiihium. 

^hiidt  ^jfiUimony  it  of  a  daric  red  colg^ ;  acted  upon  bjr  water,  it  producet  hjdriodic  acid  and 
xideofaBUmoaj. 
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Bcmbles  the  native  compouml  ivhich  last  mny  be  employed  on 
account  of  iU  cheapness,  for  eichibiling  the  properties  o( 
■ulphuret  of  antimony.  The  proportions  of  its  iiigreilienb. 
as  sUled  by  Ucrzeliua,  diffur  from  thosje  assigned  by  Proast, 


Antimony    .  .  73,8(i  , 
Sulphur.  .  .  .  27,14  , 

100 


.   100 370 

.     37,25  ....   100 


Dr  Thomson  makes 
or  of  100  metal +  34,4  sulphur.  To  be  double  the  o'xygen  of 
the  protoxide,  the  sulphur  ought  to  be  36,4  to  100  of  tbe  metal. 
H.  2.  72. 

1285,  When  the  native  sulphuret  (crude  antimony)  is  ex- 
posed under  a  muffle  to  a  dull  red  heat,  it  gradually  loses  sul- 
phur and  absorbs  oxygen,  bein^  converted  inlo  a  grey  ponder, 
which  consists  of  a  mixture  of  protoxide  of  antimony  and  sul- 
phuret. If  the  heat  he  increased,  this  fuses  into  a  transpcreot 
substance  of  a  yellow  or  brown  colour,  formerly  called  glatsof 
antimony.  Us  composition  is  variable;  it  generally  coniaint 
about  85  per  cent,  of  protoxide  and  15  of  sulphuret.  fn  th«t 
which  is  imported  for  pharmaceutical  purposes,  from  Germany 
and  Holland,  there  is  usually  a  portion  of  siliceous  earth,  >nd  it 
is  sometimes  adulterated  with  the  oxide  of  lead.  This  fraud  is 
easily  detected  by  digesting  the  finely  powdered  glass  in  hot 
nitric  acid,  diluting  the  solution  and  filtering.  The  filtered 
liquor  gives  a  white  precipitate  ou  the  addition  of  sulphate  of 
soda  if  lead  were  present. 

During  the  formation  of  glass  of  antimony,  if  the  heat  be 
raised  too  high  the  greater  pari  of  the  protoxide  sublimes  in 
slender  crystalline  needles  ;  while  another  portion,  if  air  be  not 
excluded,  passes  into  the  slate  of  peroxide,  and  undergoes  no 
change  at  a  very  high  temperature. 

1256.  Eight  parts  of  oxide  and  two  of  sulphuret  give  an 
opaque  compound,  of  a  red  colour  inclining  to  yellow  ;  and 
called  crocus  tnetalloruin.  With  eight  parts  of  oxide  and  four 
of  sulphur,  we  obtain  an  opaque  mass  of  a  dark  red  colour, 
called  lioer  of  nnlimuny-  In  these  compounds  the  oxide  isnt 
its  minimum  of  oxidation  ;  for  the  peroxide  is  incapable  of  dis- 
solving the  sulphuret.*     H. 

1257.  Hydrosulphnrelfed  Oxide  of  ^ntimont/.—thW  com- 
pound has  long  been  known  under  the  name  of  kerrnes  mineral ; 
it  is  commonly  prepared  as  follows  :  Equal  parts  of  sulphuntof 
antimony  and  common  potash  are  fused  together;  the  resultiog 
mass  is  finely  powdered  and  boiled  in  ten  times  its  weight  (U 
water.  The  liquor  is  filtered  while  hot ;  and,  during  cooltog, 
it  deposits  kermes.    The  mother  liquor  of  kernies  deposits  i 
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copious  yellowish  red  precipitate  upon  the  addition  of  dilute 
sulphuric  acid,  which,  when  washed  and  dried,  is  known  under 
the  name  of  golden  sulphur  of  antimony.  In  the  U.  S. 
Pharmacopoeia  it  is  called  antimonii  sulphuretum  prcecipi-^ 
iatutn. 

In  forming  these  compounds,  the  following  changes  seem  to  Theory  of 
have  taken  place.  The  sulphuret  of  antimony  and  potassa  act  *  p'^*** 
upon  the  water,  a  portion  of  which  is  decomposed  ;  hydrogen 
is  transferred  to  the  alkaline  sulphuret,  to  form  hydrosulphuret 
of  potassa;  hydrogen  and  oxygen  unite  to  the  sulphuret  of 
antimony,  producing  a  hydrosuiphuretted  oxide  of  that  metal 
{kermes)j  which  remains  dissolved  in  the  hot  alkaline  hydro- 
sulphuret, and  of  which  one  portion  is  precipitated  as  that  solu- 
tion cools.  When  dilute  sulphuric  acid  is  added,  the  hydrosul- 
phuret of  potassa  is  decomposed,  sulphate  of  potassa  is  formed, 
and  sulphur  and  sulphuretted  hydrogen  are  liberated  ;  the  sul- 
phur falls  in  combination  with  the  kermesj  producing  the  golden 
mfyhuTj  or  sulphuretted  hydrosulphuret. 

1288.  When  the  sulphuret  of  antimony  is  detonated  with 
twice  its  weight,  or  upwards,  of  powdered  nitre,  the  sulphur  is 
oxygenated  by  the  oxygen  of  the  nitric  acid ;  sulphate  of  potassa 
is  formed,  and  an  oxide  of  antimony  is  obtained,  varying  in  its 
degree  of  oxidation,  with  the  proportion  of  nitre  which  has 
been  employed.  The  oxide  remains,  after  washing  away  the 
sulphate  with  boiling  water.  If  four  times  its  weight  of  nitre 
be  employed,  the  metal  gains  32  per  cent,  of  oxygen  ;  acquires 

the  characters  of  an  acid ;  and  forms,  with  potassa,  a  crystalliza-  ^*»'»«'"»^»- 
ble  compound,  or  antimoniate.     H.  2. 73. 

1289.  Antimoniate  of  Potassa  dissolves  in  hot  water,  and 
this  sblution  produces  precipitates  of  insoluble  antimoniates  in 
several  other  metallic  solutions. 

1290.  •Antimoniate  of  Ammonia  is  formed  by  digesting  the 
acid  in  ammonia.  On  evaporation  a  superantimoniate  of  am-- 
mania  is  obtained  in  the  form  of  a  white  powder.* 

1291.  Phosphuret  of  Antimony  is  formed  by  heating  to-  ph^phuret. 
gether  equal  parts  of  oxide  of  Antimony,  phosphoric  acid,  and 
eharcoal.     It  is  white  and  brittle. 

1292.  Phosphate  of  Antimony  has  not  been  formed  :  in  the  Phosphate. 
17.  S.  Pharmacopoeia  there  is  a  preparation  called  pulvis  anti- 
numialis,  formed  by  heating  one  part  of  sulphuret  of  antimony 

with  two  of  hartshorn  shavings.  The  action  of  heat  upon  the 
sulphuret  has  already  been  described.  (1285.)  Its  effect  upon 
the  hartshorn  shavings  is  to  destroy  the  aninNil  matter,  leaving 
little  else  than  phosphate  of  lime.  So  that  the  pulvis  anti- 
tnonialis  consists  essentially  of  protoxide  of  antimony,  mixed 
with  phosphate  of  lime.  This  preparation  is  usually  considered 
analogous  to,  if  not  identical  with,  Jameses    Powder^  which,  dJ^"**^''' 

*  Our  knowledge  of  the  composition  and  propertici  of  the  eiidei  of  antimony,  and  of  moit  of  tbrir 
•ombiaatiooa,  b  ftill  extremely  imperfect,  and  the  wbola  Mibjeet  reqoirei  farther  ioveiUgatioo  before 
tltt  aaomalaes  that  oow  present  themeelres  can  be  cleared  vp.    B. 
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accoi-dinp  to  Dr  Pearson's  analysis  {Phil.  TVans.  1781),  eon* 
sisl«  of  43  phosphate  of  lime  and  57  oside  of  antimony.* 
.,  1293.  In  examining  Aiitimonral  Powder  from  various  sourcet, 
■  prepared  according  lo  the  directions  of  ihe  P/iarmacopma, 
Air  Brande  has  found  it  of  very  variable  compof.ition  :  some- 
times it  contains  peroxide  of  antimony  only  ;  sometimes  Uiero 
is  a  proportion  of  proioxide,  and  in  some  few  cases  the  ponder 
has  consisted  chiefly  of  bone-earth.  These  differences  ire  re- 
ferable to  ihe  mode  of  prep;irins  it,  but  in  almost  every  case, 
a  very  large  proportion  of  the  proioxide  is  lost  during  the  pro- 
cess, and  he  found  it  a  matter  of  ^eal  diHiriilty  so  lo  condurt  it 
as  lo  obtain,  upon  the  lar^e  scale,  an  uniform  product.  For 
medical  use  he  considers  emetic  tartar  as  the  only  certain  lod 
necessary  preparation  of  antimony  ;  if,  however,  a  compouni)  of 
'-  the  niilure  of  the  Antimonial  powder  be  requisite,  one  of  tiM 
-  best  modes  of  preparing  it  wotjid  be  to  dissolve  certain  propo^ 
tions  of  protoxide  of  antimony  and  phosphate  of  lime  inmarialie 
acid,  precipitate  by  ammonia,  and  edulcorate  with  a  large  quan- 
tity of  water.  Mr  CheneviK  advises  for  this  purpose  equal  parti 
of  the  oxide  and  phosphate,  but  such  proportion  of  antimony  ii 
too  great :  Mr  Brande  has  made  a  useful  Antimonial  Powder 
by  dissolving  200  grains  of  bone-earth  and  100  of  protoxide  of 
antimony  in  a  measured  ounce  and  a  half  of  muriatic  Kid,  and 
pouring  the  solution  into  a  weak  solution  of  ammonia  ;  the  pre- 
cipitate, when  washed,  dried,  and  reduced  to  a  fine  powder, 
weighed  280  grains, 

129-1.  The  following  method  furnishes,  in  the  dry  wsy,t 
tolerably  uniform  Antimonial  Powder:  Burn  two  pounds  of 
hartshorn  to  a  cinder,  reduce  it  to  powder,  and  heat  it  lo  a  dull 
redness  in  an  iron  pot :  then  gradn^illy  stir  into  it  one  pound  of 
powdered  sulphuret  of  antimony,  added  in  successive  portions, 
and  continue  the  same  heat  as  long  as  fumes  arise  ;  when  these 
cease  the  mixture  will  have  a  dirty  grey  colour,  and  during  the 
operation  small  crystals  of  protoxide  of  antimony  'will  be  seen 
to  collect  upon  its  surface  when  a  portion  is  taken  out  in  an 
iron  spoan.  In  this  grey  state  it  should  be  put  into  a  crucible 
and  healed  to  intense  redness;  a  phosphorescent  light  of  a 
greenish  lint  is  soon  perceived, and  when  this  ceases  the  crucible 
may  be  removed  from  Ihe  fire,  and  its  contents  when  cold  re- 
duced to  a  fine  powder,  which  should  he  perfectly  white. 

1295.  The  solutions  of  antimony  afford  orange-coloured  pre- 
cipitates with  sulphuretted  hydrogen,  and  those  which  are  acid 
are  precipitated  when  largely  diluted  with  water. 

ISd6.  Antimony  forms  brittle  alloys  with  the  malleable 
metals.  When  gold  was  alloyed  with  ^^'^-^  its  weight  of  anti- 
mony, the  compound  was  perfectly  brittle ;  and  even  the  fumet 
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)f  antimony  in  the  vicinity  of  melted  gold  are  sufficient  to  de- 
itroy  its  ductility.  (Hatchbtt,  Phil.  Trans.  1803.)  With 
potassium  and  sodium  it  forms  white,  brittle  compounds,  de* 
itruGtible  by  the  action  of  air  and  water. 

Its  alloys  with  manganese  and  with  zinc  have  not  been  ex- 
unined. 

Alloyed  with  lead  in  the  proportion  of  1  to  16,  and  a  small  ^  ^^^^^ 
iddhion  of  copper,  antimony  forms  the  alloy  used  for  printers*  ^^ 
types.  With  lead  only,  a  white  and  rather  brittle  compound  is 
formed^  used  for  the  plates  upon  which  music  is  engraved. 
With  iron  it  forms  t  hard  whitish  alloy,  formerly  called  martial 
rtguius,  which  may  be  obtained  by  fusing  two  parts  of  sulphuret 
of  antimony  with  one  of  iron  filings;  a  scoria  consisting  chiefly 
of  sulphuret  of  iron  is  formed,  and  the  fused  alloy  beneath  usu- 
ally presents  a  stellated  appearance  in  consequence  of  its  crys- 
tallization. This  star  was  much  admired  by  the  alchymists, 
who  considered  it  a  mysterious  euide  to  transmutation.  With 
tin  antimony  constitutes  a  kind  oi  pewter j  a  term  however  which 
has  also  been  applied  to  some  other  alloys,  especially  that  of 
lead  and  tin.  (1266.)  The  finest  pewter  consists  of  about  12 
parts  of  tin  and  1  of  antimony,  with  a  small  addition  of  copper. 
A  good  white  metal,  used  for  teapots,  is  composed  of  100  tin, 
8  antimony »  2  bismuth,  and  2  copper. 

1297.  The  analysis  of  an  alloy  of  tin,  lead,  copper,  and  anti^-  ^{J^^7/'^V  An- 
mony,  may  be  thus  performed  :  introduce  100  grains  into  a  timony.'Acc. ' 
matrass  with  a  wide  mouth,  and  pour  upon  it  one  ounce  of 
water  and  two  of  nitric  acid  ;  digest  and  evaporate  to  dryness. 
The  dry  mass  will  consist  of  the  nitrates  of  lead  and  copper, 
which  are  soluble,  and  may  be  taken  up  by  two  ounces  of  hot 
water,  and  of  the  peroxides  of  tin  and  antimony,  which  are 
insoluble,  and  remain  upon  the  filter. 

To  the  solution  of  the  nitrates  add  sulphate  of  soda,  which 
throws  down  sulphate  of  lead,  and  which  is  to  be  collected  in  a 
filter,  washed,  dried  at  a  red  heat,  and  weighed.  (1259.)  The 
filtered  liquor  may  be  evaporated  to  about  two  ounces  in  bulk, 
and  having  rendered  it  slightly  acid  by  dilute  sulphuric  acid, 
immerse  in  it  a  plate  of  iron,  which  will  throw  down  metallic 
eopper,  to  be  purified  if  requisite  (1259),  dried,  and  weighed. 

The  separation  of  <he  peroxides  of  tin  and  antimony  is  attend- 
ed with  many  difficulties ;  it  may  be  imperfectly  effiected  by 
solution  in  nitro-muriatic  acid,  and  subsequent  dilution  with  a 
large  quantity  of  water,  which  throws  down  the  antimonial 
oxide,  not  however  pure,  but  with  a  portion  of  peroxide  of  tin  : 
the  latter,  retaining  a  little  peroxide  of  antimony,  may  be  pro- 
cured by  evaporation  and  exposure  of  the  residue  to  a  dull  red 
heat  in  a  porcelain  cup. 

^'  1298.  In  analyzing  compounds  of  tin  and  antimony,  it  is 
necessary  first  to"  male  an  alloy,  in  which  the  antimony  shall 
not  exceed  the  proportion  of  j*,th  part,  for  then  concentrated 
muriatic  acid^  by  digestion  with  this  alloy,  dissolves  the  tin,  and 
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leaves  the  anlimony  untouched ;  hut  if  more  than  s'jlh  pwi 
of  antimony  enters  into  the  combination,  the  tin  acquires  liie 
insolubility  of  that  metal  in  muriatic  acid.   H.  2.  74. 


Sectios  XVI.     Bismuth. 

1299.  This  metal  is  found  nolive  ;  combined  with  oxy^n; 
and  with  arsenic  and  sulphur.  Native  Biimuth  occurs  crvf- 
talUzed  in  octol'dra  and  cubes,  and  in  addition  to  arsenic  geni;- 
rully  contains  cohuU. 

1300.  Bismuth  may  he  obtained  in  regular  crystals,  by  I'usin; 
a  quantity  of  it  iu  a  crucible,  and  allowing  jt  to  cnol  till  a  cnisl 
is  formed  on  the  surface,  ihe  extremity  of  the  crucible  mav  then 
be  broken  off  and  the  fluid  metal  beneath  be  allowed  lo  escape. 
The  under  surface  of  the  crust  will  be  found  beautifully  crys- 
tallized. 

1301.  Bismuth  has  a  reddish  wliite  colour,  and  is  composed 
of  broad  brilliant  plates  adhering  to  each  other.  Its  specific 
gravity  is  9.fi23,  but  is  increased  by  hammering.  It  breiki, 
however,  under  the  hammer,  and  hence  cannot  be  considered  U 
malleable  ;  nor  can  it  be  drawn  out  into  wire.  The  faiscDutk 
of  commerce  is  not  quite  pure.  To  purify  it.  Dr  Thomson  dis- 
solved it  in  nitric  acid,  decomposed  tiie  nitrate  by  water,  edul- 
Gornled  the  oxide,  and  reduced  it  to  a  metallic  state  by  hetUng 
it  in  a  covered  crucible  with  black  flux.' 

1302.  Bismuih  is  one  of  the  most  fusible  metals,  melting  ti 
476°  Fahrenheit;  and  it  forms,  more  readily  than  most  Other 
metals,  distinct  crystals  by  alow  cooling. 

1303.  When  bismuth  is  exposed  to  heat  and  air  it  osiditUf 
forming  a  fusible  while  oxide.  l(  the  heat  be  increased  by 
directing  a  current  of  oxygen  upon  the  metal,  it  burns  wilJi 
much  brilliancy,  and  produces  an  abundant  yellow  smoke,  whi<^ 
condenses  in  the  form  of  a  yellowish  white  sublimate.  Wtm 
in  fusion  this  oxide  acts  upon  other  oxides  much  in  the  sanw 
way  as  oxide  of  lead. — It  is  the  only  oxide  of  bismuih  with 
which  we  are  acquainted  ;  and  consists,  according  to  the  esperi- 
menta  of  Lagerhjelm,  of 

Bismuih 89.863 100      ....  71 

Oxygen 10,137 11,28  ....     8 

100  79 

From  this  result,  which  makes  the  equivalent  number  of 
bismuth  7I,t  and  ihjt  of  the  oxide  79, J  Dr  Thomson's  esOniale, 
founded  on  his  own  experiments,  does  not  malerivliy  differ, 
This  oxide  occurs,  though  very  rarely,  native:  it  has  been 
found  in  Cornwall  and  Saxony.     H. 
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1S04.  Chloride  of  Bismuth^  is  procured  by  heating  the  chloride. 
meUl  in  the  g-Jis,  or  by  evaporating  the  muriate  to  dryness  and 
submitting  the  residue  to  distillation,  when  the  chloride  sublimes, 
and  aAerwards  deliquesces  into  what  was  called  butter  qf  bis- 
fnuih.  A  similar  product  is  obtained  by  introducing  finely 
divided  bismuth  into  chlorine  gas,  when  the  metal  takes  fire  and  ^ 
bums  with  a  pale  blue  light.  This  compound  is  the  only 
known  chloride  qf  bismuth. 

1305.     It  was  analyzed  by  Dr  Davy,  and  found  to  contain 

Bismuth 66.4 100 

Chlorine 33.6 50.6 


100. 
From  this  analysis,  the  equivalent  of  bismuth,  also,  appears 
to  be  71,  agreeing  with  the  number  derived  from  the  oxide.  H. 

1306.  Iodide  of  Bismuthy  obtained  by  heating  iodine  with  the  x^^^ 
metal,  is  of  an  orange-colour,  and  insoluble  in  water.     When 
hydriodic  acid  or  hydriodate  of  potassa  is  added  to  nitrate  of 
bismuth,  a  precipitate  falls  of  a  deep  chocolate-brown  colour^ 
insoluble  in  water  but  soluble  in  liquid  potassa.* 

1307.  Nitrate  qf  Bismuth. — Nitric  acid  dissolves  bismuth  y,^^. 
with  great  rapidity.     To  one  part  and  a  half  of  nitric  acid,  add, 

at  distant  intervals,  one  of  bismuth,  broken  into  small  pieces. 
The  solution  is  crystallizable  in  small  four-sided  prisms. 

1308.  The  Nitrate  of  Bismuth  consists  of  I  proportion  of 
oxide  -f- 1  of  acid. 

1309.  Nitrate  of  Bismuth  is  decomposed  by  water,  and  the 
oxide  of  bismuth  is  thrown  down  in  the  form  of  a  fine  white 
powder,  called  magistery  qf  bismuth^  pearl  white^  or  blanc 
de/ard.  In  this  state  it  has  been  used  in  medicine  as  a  tonic.t 
— Quarterly  Journal^  viii.  295. 

1310.  If  characters  be  written  on  paper  with  nitrate  of  bis-xxp. 
moth  they  are  invisible  when  dry,  but  become  white  and  legible 
on  immersion  in  water,  thus  forming  a  white  sympathetic  ink. 
The  same  characters  are  rendered  brown  or  black  by  solution 

of  sulphuretted  hydrogen. 

1311.  Sulphuret  of  Bismuth.^-WxnmMXh.  combines  with  sul- sidphuNU 
phur,  and  forms  a  bluish  grey  sulphuret,  having  a  metallic  lustre, 
which  is,  also,  found  native.     Lagerhjelm  has  analyzed  it,  and 
found  it  to  consist  of 

Bismuth  ....  81.619  ....  100  ...  *  71 
Sulphur  ....  18.381  ....     32.52    .  .  16 

100.  SIX    H.2.  86. 

*  Mmtt  ffBismuUk  b  duown  dowo  upon  adding  lodato  of  Potatsa  to  Nitrate  of  Biimntb. 

t  If  a  amall  portion  of  muriatic  acid  be  mixed  with  th«  nitric,  and  the  precipitated  nide  be  washed 
vith  bat  a  imalJ  quantity  of  cold  water,  it  will  appear  in  minutr  tcalei,  constituting  the  ftmrl  potvitr 
•f  perfumers.    These  paints  are  liable  to  be  turned  black  bj  sulphuretted  hydrogen. 

X  The  coopooad  aaal/xed  bj  VanqueUn  appean  to  hare  been  a  H-nJpk»r€t*^JlnnaUi  du  JHuttnm, 
Tom.  ST. 


1313.  Native  Sulphuret  (^f  Bismuth  has  been  found  is 
Cornwall,  Bohemia,  Saiiony  and  Sweden,  it  occurs  muun 
and  acicular,  its  lustre  ia  metallic,  aod  ita  colour  biuisb  grey. 
It  is  a  very  rare  mineral. 

1313.  Sulphate  o/ Bismuth. — Sulphuric  acid  acta  when  hot 
and  concentrated  on  bismuth,  and  sulphurous  add  is  disenga^. 
A  part  gf  the  bismuth  is  dissolved;  and  the  remainder  is  ching> 
cd  into  an  insoluble  oxide.  It  consists  of  one  proportional  oxide 
and  one  acid.  It  is  a  white  compound,  insoluble  in,  bm  de- 
composed by  water,  which  converts  it  into  a  sub.iuiphote  and 
supersulphate.  The  subsulphaie  described  by  Uerzelius  con- 
sists of  three  proportionals  of  oxide  and  I  acid. 

1314.  Hydrosulphuretted  Oxide  of  Bismuth  is  of  a  deep 
browD  approaching  to  black.  It  is  thrown  down  from  nitrateof 
bismuth  by  sulphuretted  hydrogen. 

1315.  Bismuth  forms  alloys,  some  of  which  are  remark»ble 
for  their  fusibility.  With  gold,  platinum,  and  silver,  it  fornu 
brittle  compounds.  A  compound  of  eight  parts  of  bismuth,  five 
of  If  ad,  and  three  of  tin,  liquefies  at  212°;  it  is  called  Sir  1. 
Newton's  fusible  metal.  The  addition  of  one  part  of  quicksil- 
ver renders  it  yet  more  fusible.  Bismuth  enters  into  the  compo- 
sition oisofl  solders.  These  alloys  are  mostly  white,  brlille, 
and  easily  ox y dated. 

Bismuth  has  the  singular  property  of  depriving  gold  of  its 
ductility ;  even  when  combined  with  it  in  very  minute  propor- 
tion. This  effect  is  produced  by  merely  keeping  gold  in  fusion 
near  melted  Bismuth.  It  has,  nevertheless,  been  employed  by 
Chaudet  in  cupellatioii.  {^nn.  de  Chim.  et  Phys.  viii.  113.) 
H.  2.  87. 


Section  XVII.     Cobalt. 

1316.  Thb  native  combinations  of  cobalt  arc  the  oxide,  atid 
compounds  of  the  metal  with  iron,  nickel,  arsenic,  and  sulphur. 
It  is  also  found  combined  with  arsenic  acid.  In  ihe  while  and 
grey  cobalt  ores,  the  metal  is  combined  with  iron,  and  wjth 
arsenic  :  Some  of  the  varieties  are  crystallized  in  cubes,  octoit- 
drons  and  dodecaedrons.  The  red  ore  is  an  arseniaie.  The 
finest  specimens  are  the  produce  of  Saxony. 

1317.  To  obtam  pure  cohall,  the  cobalt  of  commerce,  in  6ne 
powder,  may  be  calcined  with  four  parL»  of  nil  re,  and  washed  in 
hot  water,  by  which  arsenic  is  separated  :  then  digest  in  dilute 
nitric  acid,  and  immerse  a  plale  ofiion,  which  will  separate  the 
copper;  filler  and  evaporate  to  dryness ;  dis;e3t  the  dry  mus 
in  liquid  ammonia  and  filter,  expel  the  excess  of  ammonia 
from  the  filtered  liquor  by  heat,  taking  caro  not  to  produce 
a  precipitate,  and  ihen  add  solution  of  poi.issa,  which  throm 
down  aside  of  nickel ;  filler  immediately,  and  boil,  which  nill 
occasion  Jhe  separation  of  oxide  of  cobalt,  and  which,  ignited 
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with  charcoal,  furnishes  the  pure  metal.  In  this  process  the 
firrt  ealcination  with  nitre  often  requires  two  or  three  repetitions 
in  order  to  get  rid  of  the  whole  of  the  arsenic,  which  adheres  to 
cobalt  with  much  obstinacy. 

1318.  Cobalt  has  a  greyish  white  colour,  inclining  to  pink  ; 

its  specific  gravity  is  8  ;  it  is  brittle  and  easily  reduced  to  pow-  PnperUei. 
der,  but  is  very  difficultly  fusible.      When  slowly  cooled  after 
fcsion  it  may  be  obtained  in  irregular  prisms.       It  is  magnetic 
and  was  found  by  Wenzel  to  be  convertible  into  a  magneti  hav- 
ing all  the  properties  of  the  magnetic  needle. 

1319.  By  exposure  to  the  atmosphere  cobalt  is  tarnished,  but 
not  oxidized  to  any  extent.     In  an  intense  heat  it  burns  with  a 

red  flame;  but,  if  pure,  jt  is  not  easily  oxidized  by  a  moderate  Protoxid*. 
temperature.  Its  oxide,  formed  by  long  exposure  to  a  strong 
heat  with  access  of  air,  is  of  a  deep  blue,  approachmg  to  black. 
This,  from  the  experiments  of  Thenard,  appears  to  be  the  prO' 
ioxide,  which  may  be  obtained,  also,  by  precipitating  the  nitrate 
of  cobalt  with  potassa.  The  precipitate,  which  at  first  is  a 
bright  blue  hydrate,  becomes  when  dry  of  so  dark  a  blue  as  to 
appear  black.  It  dissolves  readily  in  muriatic  acid,  giving  a 
solution  which  is  green  when  concentrated,  and  red  when  dilut- 
ed. Its  solutions  in  sulphuric  and  nitric  acids  are  always  red. 
H.  8.  79. 

13S0.  By  exposure  to  heat  and  air  the  protoxide  absorbs  an 
additional  portion  of  oxygen  and  is  converted  into  bhck  perox' 
idem     All  the  salts  of  cobalt  contain  the  protoxide. 

1391.  The  black  or  peroxide ,  heated  for  half  an  hour  at  the 
bottom  of  a  crucible,  loses  a  part  of  its  oxygen,  and  is  reduced  peroxide. 
to  the  state  of  protoxide.     The  protoxide  is  composed, 

Mrtal.  Oxygr-n,  Metal.  Oir^n. 

According  to  Proust,of  83,5     ,  .  .  16,5     .  •  •  100  .  •  •  19,8 

Rothofir,    79,56  ...  21,44  ...  100  ..  .  27;3 

Thomson, 100  .  .  .  28,5 

Brande, 100  .  •  .  24,7 

And  peroxide  of  cobalt  consists, 

I  Metal.  Omjftt.  Met»l.  Oxyfifxi, 

Aceordinii^  to  Proust,  of  75  ...  25  ...  .  100  ....  33,25 
J —  Rothoff,   .  71   ...  29  ....   100  ...  .  40,85 

Rothoff  ascertained  that  100  parts  of  peroxide  of  cobalt, 
exposed  to  a  strong  heat,  lose  from  9,5  to  9,9.*  Taking  the 
mean  9,7,  we  have  100  of  the  peroxide  composed  of  9,7  oxygen 
-f*  90,3  protokide,  the  oxygen  in  which,  according  to  the  same 
authority,  is  19,3.  Therefore  9,7 -h  19,3  s:  29,  is  the  oxygen 
in  100  of  the  peroxide;  or  100  of  the  metal  condense  40,85 
oxygen.  Hence  the  peroxide  contains  \\  times  as  much  oxy- 
gen as  the  protoxide.  Assuming  then  the  protoxide  to  consist  ' 
of  I  atom  metal  + 1  atom  of  oxygen,  the  equivalent' number  for 
eobalt  will  be  very  nearly  30 ;  for  the  protoxide  38 ;  and  for 
the  perotide  42.    The  anomaly  of  the  fractional  atom  in  tlie 

•  Ann.  Phil.  iil.  350. 


peroxide,  may  be  got  over  by  doubling  the  atom  of  cobalt,  ind 
consideriog  the  proioxide  as  i  met^I  +  2  osypen  and  the  perox- 
ide as  I  metal  +  3  oxygen  ;  but  in  that  case  the  true  protgxide, 
cnnsisling  of  an  atom  of  each  element,  must  be  supposed  to  be 
unknown.  The  subject  indeed,  appears  to  require  further  elu- 
cidation from  experiment.     H.  2.  80. 

1322.  Cobalt  burns  when  heated  in  chlorine;  and  forms  eM<h 
ride  o/cobalt.  When  muriate  of  cobalt  is  evaporated  to  dry- 
ness, and  the  residuum  heated  to  redness  out  of  the  contacl  of 
air,  a  substance  of  a  blue  colour  and  micaceous  texture  is  ob- 
tained, which  is  a  pure  chloride  of  cobalt.  It  dissolves  perfectly 
in  water,  forming  a  pink  solution. — HrBrande  from  the  analy- 
sis of  the  chloride  infers  that  100  of  chlorine  unite  with  91,1  of 
cobalt;  but  this  would  give  for  the  equivalent  of  that  ineUl  a 
higher  number  (32.54)  than  the  number  deducibie  from  the 
composition  of  the  oxide.      H. 

1383.  Muriate  of  Cobalt  is  a  deliquescent  salt,  of  »  Wne 
green  colour;  it  may  be  formed  by  digesting  either  oxide  in 
muriatic  acid ;  if  the  peroxide  be  used,  chlorine  is  evolved,  and 
it  passes  to  the  state  of  protoxide  When  a  liltle  diluted,  this 
solution  becomes  pink;  the  pale  pink  solution,  when  written 
with,  is  scarcely  visible;  but  if  gently  heated,  the  writing 
appears  brilliant  and  green,  which  soon  vanishes  as  the  paper 
cools,  in  consequence  of  the  salt  absorbing  the  atrial  moisture. 
'  This  solution  has  been  termed  Hellot's  sympathetic  ink.  It 
may  be  prepared  as  follows.  One  part  of  cobalt,  or,  still  belter, 
of  iuCfre,  may  be  digested  in  a  sand  heat,  for  some  hours,  with  four 
parts  of  nilric  acid.  To  the  solution,  add  one  part  of  muriate  of 
soda;  and  dilute  with  four  parts  of  water.  Characters  wriltea 
with  this  solution  are  illegible  when  cold  ;  but  when  a  gentle  heat 
is  applied,  they  assume  a  beautiful  blue  or  green  colour.  This 
experiment  is  rendered  more  amusing  by  drawing  the  trunk 
and  brandies  of  a  tree  in  the  ordinary  manner  ;  and  tracing  the 
leaves  with  a  solution  of  cobalt.  The  tree  appears  leafless,  till 
the  paper  is  heated,  when  It  suddenly  becomes  covered  with 
beautiful  foliage.  H.  The  addition  of  a  little  nitrate  of  copper 
to  the  solution  forms  a  sympathetic  ink,  which  by  heat  gives  x 
rich  greenish  yellow  colour.  When  a  small  quantity  of  muriate 
of  soda,  of  magnesia,  or  of  lime  is  added  to  the  ink,  its  traces 
disappear  very  speedily  on  removal  from  the  fire,  showing  that 
the  vivid  green,  blue  or  yellow  colour  is  owing  to  the  concen- 
tration of  the  saline  traces  by  heat,  and  their  disappearance,  to 
the  re-absorptlon  of  moisture.     U.  346." 

1324.  With  nitric  acid  the  oxide  of  cobalt  furnishes  a  red 
deliquescent  ni7rn/e  of  cobalt.  The  crystals  of  nitrate  of  coballt 
are  small  prisms  of  a  red  colour.  They  are  deliquescent  in  the 
air  and  decomposable  by  heat,  leaving  a  deep  red  powder. 
When  thrown  into  a  Qask  full  of  liquid  potassa,  they  are  imme- 
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dUtely  decomposed.  A  blue  precipitate  is  formed,  which,  if 
the  flask  be  immediately  closed,  passes  to  violet,  and  after- 
wards to  red,  by  becoming  the  hydrate  or  hydrated  oxide  of 
cobalt.  This  compound  is  soluble  in  cold  carbonate  of  potassa 
and  tinges  it  red.  The  oxide  is  not  soluble  in  this  liquid.  The 
hydrate  loses  from  20  to  21  per  cent,  of  water  by  heat,  and  is 
reduced  to  protoxide.  Solutions  of  cobalt  are  precipitated  by 
earbonated  alkalies,  at  first  of  a  peach-flower  colour,  and  after- 
wards of  a  lilac  hue.     H.  2.  81. 

1325.  Ammonia  digested  upon  recently  precipitated  protoxide 

of  cobalt  slowly  dissolves  it,  and  forms  a  pale  pink  solution,  ^«'*'>o'>of 
which  becomes  deeper  coloured  by  exposure  to  air,  in  conse- 
quence of  the  metal  passing  to  the  state  of  peroxide.     The  ammo- 
niacal  solution  of  the  peroxide  forms  acicular  crystals  of  a  beau- 
tiful pink  colour.* 

1326.  Sulphate  of  Cobalt. — Sulphuric  acid  docs  not  attack  8u,,,|,^t,. 
cobalt  unless  when  concentrated  and  heated  ;  nor  does  it  readily 
dissolve  the  oxide.     They  may,  however,  be  brought  to  combine 

by  dissolving  the  newly  precipitated  protoxide  in  sulphuric  acid 
diluted  with  its  bulk  of  water.  Small  red  prismatic  crystals 
ire  obtained  composed  of  one  proportional  of  oxide,  one  of  acid 
and  seven  of  water.t 

When  dried  at  a  temperature  of  500^,  the  crystals  fall  into  a 
blue  powder,  which  in  a  bright  heat  fuses  and  gives  out  sul- 
phuric acid  leaving  a  black  oxide.  The  blue  powder  is  the 
anhydrmu  sulphate  of  cobaltf  perteciiy  soluble  in  water,  and  i^i"|'hairT 
forming  a  pink  solution  ;  it  is  slightly  deliquescent,  and  becomes 
lilac  coloured  by  exposure  to  air. 

1327.  Sulphate  of  cobalt  forms  triple  compounds  with  potassa 
and  with  ammonia,  which  have  not  been  examined.  If  it  con- 
tain nickel,  the  crystals  are  of  a  greenish  tinge,  but  pink  when 
the  cobalt  is  pure.| 

1328.  Phosphate  of  Cobalt  may  be  formed  by  decomposing  phofrbMn. 
the  nitrate  of  cobalt  with  phosphate  of  soda;  it  is  insoluble,  of  a 

lilac  colour,  and  if  mixed  with  eight  parts  of  gelatinous  alumina 
and  heated,  it  produces  a  beautiful  blue,  which  may  sometimes 
be  employed  by  painters  as  a  substitute  for  ultramarine.  (For  a 
full  description  of  the  process  see  Thenard,  Trait  6  de  Chim.  Kfl. 
4,  vol.  3d,  p.  146.)  This  salt  was  obtained  by  Dr  Thomson  by 
dissolving  carbonate  of  cobalt  in  phosphoric  acid  and  mixing  the 
solution  with  alcohol.  A  copious  precipitate  falls,  which  was 
collected  on  a  filter,  edulcorated,  first  with  alcohol  and  t\u:u 
with  water.  It  was  gelatinous  and  had  a  fine  crimson  colnur. 
When  dried,  it  concreted  into  a  hard  dark  red  matter,  whhih 

*  Smiptmrt  mfCUmU  »  fana*4  bj  Walur  Om  nide  wHb  %^pbm,    ll  ii  ycIlowiOi  wbif. 
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reddeaed  vegeiable  blues.*  Dr  Thomson  considers  il  as  com- 
posed of  I  atom  pliospliortc  acid,  1  protoxide  of  cobalt  and  2  of 
water. 

1329.  Carbonate  o/ Cobalt  is  formed  by  decomposing  llie 
Ditrate,  muriate,  or  sulphate  of  cobalt  by  carbonate  of  potasu, 
or  soda;  a  reddish  blue  powder  is  precipilated  which  should  be 
washed  thoroughly  with  water.  When  dry,  it  is  a  light  pow- 
der having  a  light  pink  colour.  It  is  tasteless,  insoluble  in  water, 
and  not  altered  by  exposure  to  the  air.  It  does  not  alter  ve^ 
table  blues,  but  dissolves  in  acids  with  effervescence.  Il  contuls 
of  1  atom  carbonic  acid,  1  protoxide  of  cohah  and  I  water.    T. 

1330.  Ferrocyanateof  potassu  forms  a  grass  green  precipllale 
in  solutions  of  cobalt. 

1331.  Solution  of  borax  produces  a  pink  prccipitite  in  solu- 
tion of  muriate  of  cobalt,  which  is  probably  a  borate  f^cobatt. 

1338.  The  salts  of  cobalt  all  contain  the  protoxide;  iheyare 
decomposed  by  ammonia,  which,  ifadded  in  excess,  re-dissolvei 
the  oxide:  phosphoric,  carbonic,  arsenic,  and  oxalic  acid*,  pro- 
duce, by  double  decomposition,  insoluble  red  or  lilac  precipi- 
tates in  these  solutions. 

1333.  The  alloys  of  cobalt  are  unimportant. 

1334.  The  chief  use  of  cobalt  is  as  a  colouring  matetltJ  for 
porcelain,  eorthenware,  and  glass;  it  is  principally  imported 
from  Germany  in  the  state  of  lajfre,  and  smalt,  or  azvrt. 

Thecolourlng  power  of  oxide  of  cobalt  on  v itri liable  mi xtaies, 
is  greater  perhaps,  than  that  of  any  other  metal.  One  ^ia 
gives  a  full  blue  to  240  grains  of  glass.     U. 

Z.affre  is  prepared  by  calcining  the  ores  of  cobalt,  by  which 
sulphur  and  arsenic  are  volatilized,  and  an  impure  oxide 
of  cobalt  remains,  which  is  mixed  with  ttbout  twice  its  weight 
of  finely  powdered  flints. 

Small  and  azure  blue  are  made  by  fusing  zaCTre  wilh  RUt&i 
or  by  calcining  a  mixture  of  equal  parts  of  roasted  cobalt  ore, 
commOD  potash,  and  ground  flints.  In  this  way  a  blue  glass  if 
formed,  which,  while  hot,  is  dropped  Into  water,  and  afterwards 
reduced  to  a  very  fine  powder. 


Section  XVIII.     Uranium. 

1335.  This  melal  was  discovered  by  Klaprolh,  iu  17S9,  in  a 
mineral  called  pitchblende,  which  contaios  uranium  combined 
with  sulphur,  and  according  to  Arfwedaon,  arsenic,  cob:ilt,  and 
zinc.t  From  this  ore  uranium  may  be  obtained  by  the  follow- 
ing process :  reduce  it  to  powdur,  and  exjKise  it  to  heat  in  a 
<  muQIe;  then  digest  in  dilute  nitro-munatic  acid,  and  precipi- 
tate by  excess  of  ammonia,  to  retain  oxide  of  copper  ;  collect 
and  wash  the  precipitate,  and  dry  it  at  a  heat  approaching  red- 
ness. 
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When  exposed  to  a  violent  heat  with  a  small  quantity  of 

ircoal  powder,  metallic  uranium  is  obtained. 

M.  Arfwedson  has  succeeded  in  reducing  the  protoxide  of  ^^^.^^.^ 

inium  to  a  metallic  state,  bypassing  a  current  of  dry  hydro- 

D  gas  over  it  while  hot.     The  metal  thus  obtained  was  in 

ratals  having  nearly  the  form  of  regular  octoedrons^  with  a 

ong  metallic  lustre,  and  a  reddish  brown  colour. 

Its  specific  gravity  has  not  been  ascertained  with  precision. 

icholz  states  it  as  =  9,0.-^sblsn's  Journal^  iv. 

1336.  Uranium  may  be  exposed  to  the  air  in  ordinary  tern- 
ratures  without  alteration,  but  when  heated  it  undergoes  a 
ad  of  combustion,  and  is  converted  into  a  black  oxide. 

1 337.  There  appear  to  be  two  oxides  of  uranium,  the  yellow  om^m. 
e,  which  retains  its  colour  when  heated  alone,  and  becomes  the 

itk  oxide,  when  heated  with  a  little  oil.  The  first,  or  perox- 
e,  according  to  Bucholz,  consists  of  80  metal  +  20  oxygen, ' 
t  the  composition  of  the  black  oxide  is  not  yet  determined, 
^cording  to  the  experiments  of  Schoubert,*  the  composi- 
in  of  the  protoxide  of  uranium,  deduced  from  the  analysis  of 
s  muriate,  is  100  metal  -f*  6,  373  oxygen  ;  and  the  multiple 
the  oxygen  in  the  peroxide,  being,  according  to  the  same 
thority  \\f  we  have  100  metal  +  9,569  oxygen  for  the  com- 
sition  of  the  peroxide.  This  would  make  the  weight  of  the 
3m  of  uranium  125,  of  the  protoxide  133,  and  of  the  peroxide 
(7.  But  from  a  series  of  lexperiments  which  are  described  in 
e  Jour,  of  the  Roy.  Institut.  xix.  88,  it  seems  probable  that 
\  may  be  the  equivalent  number.  The  subject^  however,  still 
mains  in  considerable  uncertainty.     H.  2.  75. 

1338.  Protoxide  qf  Uranium,  obtained  by  exposing  the  per-  Pfotox^d*. 
rbonate  of  uranium  and  ammonia  to  a  red  heat,  is  composed 
small  grains,  having  a  black  colour,  and  a  good  deal  of  lustre ; 

t  when  reduced  to  powder,  it  has  a  dark  ^een  colour.  It  is 
luble  in  muriatic  and  sulphuric  acid ;  but  the  solution  goes  on 
»wly,  except  when  the  oxide  is  in  the  state  of  hydrate.  The 
lutions  are  green,  and  the  protoxide  is  thrown  down  in  the 
ite  of  a  brown  coloured  hydrate,  which  dissolves  easily  in 
ids,  forming  a  dark  green  solution.  It  dissolves  readily  in 
trie  acid,  with  the  evolution  of  nitrous  gas,  and  is  converted 
to  peroxide. 

The  protoxide  of  uranium  is  tasteless,  and  not  altered  by  ex- 
«ure  to  the  air.  It  combines  readily  with  the  acids;  all  its 
Its  have  a  green  colour  and  are  uncrystallizable. 

1339.  Peroxide  of  Uranium  afibrds   salts,   having  for  the  Peroside. 
ost  part  a  lemon  yellow  colour.     Its  tendency  to  combine  with 

her  bodies  is  such,  that  it  seems  impossible  to  obtain  it  in  a 

parate  state.     It  dissolves  with  ease  in  nitric  acid,  and  forms 

lemon  yellow  solution  of  great   intensity,  which  crystallizes 

d  forms  the  nitrate  of  uranium  in  fine  lemon  yellow  crystals, 

t 
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having  Ihe  form  of  right  fQur-slded  prisms  wilh  square  bases. 
The  aiidition  of  carbonate  of  ammonia  aSurds  a  yellow  powder, 
which  is  mosi  iVftnienlly  a  percarboiiaie  of  ui'anium.  but  some- 
times, a  triple  sail  composed  orcarhunale  of  ammonia  and  per- 
carbflDalBafuranium.  Potash  and  soda  afford  a  beautiful  orann 
red  powder,  wliich  is  a  trijile  compouud  of  percarbonaic  of  un- 
nium  and  an  alkaline  c.irbonate. 

1310.  Arfwedson  has  shown,  that  if  we  mix  together  solutioo 
of  peniitnUe  of  uranium  and  any  earlhy  or  metallic  oilrale,  and 
add  caustic  ammonia  or  potash  to  ihe  solution,  the  peroxide  of 
uranium  precipitates  in  chemical  combination  with  the  earlhyor 
metallic  oxide  present.  Thus  it  appears,  that  peroxide  of 
I  uranium  is  capable  of  uniting  both  with  acids  and  with  bases;  m> 
thai  it  performit  the  double  function  of  an  alkali  and  an  acid.* 

1341.  The  hydraled  oxide  precipitated  by  ammotiia  from 
nitric  acid,  when  gently  dried  consists  of  6M  oxide,  and  12 
water  in  100.  It  is  priiciijiiated  agam  by  alkalies,  and  is  throws 
down,  of  a  reddish  brown  colour  by  prussiairs.  Sulphuret  of 
ammonia  gives  a  browiiisli  yellow  precipitate;  and  tincture  of 
gall^,  a  chocolate  brown  one.  When  exposed  to  intense  pi- 
vanir  action,  it  is  fused,  but  not  reduced. 

The  yellow  oxide  of  uranium  is  insoluble  in  alkalies,  whfcll 
distinguishes  il  from  the  oxide  of  tungsten.  It  is  soluble,  how- 
ever, by  alkaline  carbonates,  especially  by  carbonate  of  am- 
monia.    H.  2  74. 

1342.  This  metal  is  most  soluble  in  nitric  acid.  The  Nitrate 
forms  prismatic  brownish  yellow  crystals  which  have  a  peculiar 
irridescent  appearance,  are  deliquescent,  and  are  constituted 
according  to  Bticholzt  of  fil  base,  -}-  25  acid  +  1-1  water, 

1343.  Subni/rale  of  Uranium,  upon  the  authority  of  Bu- 
cholz,  is  formed  by  heating  the  nitrate,  which  ren<lers  a  part 
insoluble  in  water,  and  separates  in  the  form  of  a  yellow  pow- 
der. 

1344.  Uranium  according  to  Berzelius  has  a  very  weak  affin- 
ity for  sulphur.  Sulphuret  of  Uranium  exists  native.  Nei- 
ther the  Hyposulphite  nor  Sulphite  of  Uranium  have  been 
examined. 

1345  Stilphateof  Uranium  (oTtns  yellow  prismatic  crystals, 
decomposable  by  beat,  and  according  to  ihe  analysis  of  Bucholz, 
consistinj;  of  TO  oxide,  18  acid  and  13  water. 

1346.  The  salts  of  uranium  have  a  yellow  colour  and  an 
>r  astringent  metallic  taste.  Potassa  forms  in  their  solutions  a 
yellow  precipitate,  and  carbonaie  of  potassa  a  white  precipitate; 
both  these  precipitates  are  insoluble  in  excess  of  pure  alkali,  but 
dissolve  in  the  carbonate.  J  Ferrocyanate  of  potassa  produces 
a  rich  brown  precipitate  in  solutions  of  uranium,  which  is  very 
characteristic. 
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Section  XIX.     Titanium, 

1347.  Titanium  in  the  metallic  state,  was  discovered  by  Dr  Diseorerf^r 
Wollaston,  in  1822,  in  the  slag  at  the  bottom  of  the  iron  smelting-  ^^.^*^^ 
famace  at  Merthyr  Tydvil  in  South  Wales.*  It  has  been  since 
feund  in  several  other  places  in  Europe.  It  has  the  form  of 
mall  smooth  cubes,  having  a  red  colour,  exceedingly  similar  to 
that  of  copper.  The  cubes  are  hard  enough  to  scratch  rock 
crystal,  and  cannot  be  fused  by  the  highest  temperature  which 
can  be  raised  by  the  blow-pipe.  The  specific  gravity  as  deter- 
mined by  Dr  Wollaston,  is  5,3.t  From  the  situation  in  which 
this  metallic  titanium  has  been  found,  we  may  infer  that  it  does 
not  combine  with  iron,  and  Dr  Wollaston  tried  in  vain  to  unite 
it  with  lead,  tin,  silver  and  copper.  It  does  not  appear,  how- 
ever,  to  be  absolutely  free  from  iron ;  Dr  Wollaston  found  that 
when  suspended  by  a  fine  thread  a  magnet  drew  it  about  20 
d^rees  from  the  perpendicular.  He  succeeded  in  detecting 
the  presence  of  iron  in  it,  and  calculated  the  amount  of  that  metau 
at  jitth  part  of  the  weight  of  the  titanium.^ 

1948.     Titanium  is  said  to  be  susceptible  of  three  degrees  q^^^ 
of  ozidizemeot,  the  colours  of  the  oxides  being  blue,  red,  and 
white. 

The  6/tie  •  is  formed  by  exposing  the  metal  to  heat  and  air ; 
the  red  is  the  native  oxide ;  and  the  white  is  that  which  is  pre- 
cipitated from  the  alkaline  solution  of  titanite  and  menachanite 
by  muriatic  acid.     B. 

1349.  Titanium  exists  in  the  state  of  oxide  in  two  minerals^ 
in  titanite  and  menachanite. 

THtanite  is  of  a  brown  colour,  and  occurs  embedded  in  the  Tiumta. 
quartz  and  granite  of  primitive  countries,  and  sometimes  trav- 
erses rock  crystals  in  fine  hair-like  filaments. 

The  mineral,  known  by  the  name  oi  anatase^octo^dritej  and 
oysanite^  is  nearly  of  the  same  nature  as  titanite.§ 

1350.  The  metal  may  be  obtained  from  titanite  by  fusion  p^eufor 
with  potassa;  the  fused  mass,  washed  with  water,  leaves  oxide  ^^^'"'"^ 
of  titanium,  containing  a  little  iron  ;  it  is  to  be  dissolved  in 
muriatic  acid,  and  precipitated  by  oxalic  acid.     B. 

1351.  From  the  mineral  called  menachanite,  white  oxide  of 
titanium  may  be  obtained  by  fusing  with  potassa,  and  adding 
muriatic  acid  to  the  alkaline  solution.  ' 

1352.  The  oxide  of  titanium  fuses,  but  is  not  reduced  by  a  Redqctjonof 
powerful  galvanic  battery.     It  is  reduced,  however,  by  exposure    *°"  ** 
to  an  intense  heat,  moistened  with  oil,  and  surrounded  by  pow- 

«  PhikM.  TniM.  182S. 

f  From  the  extreme  iafusibiUtjr  of  the  cabes  of  metallic  titanUim,  Dr  WolUiton  infer*  that  they 
httTc  not  been  formed  by  erjitalluatioo  in  cooling  from  a  state  of  fusion ;  but  from  the  leduciioo  of 
the  oxid«  dbaolTod  in  the  ilaf  around  them. 

X  Phil.  Traas.  p.  SOa    Thomton'i  Pint  Prineip.  S.  80. 

%  For  other  orci  of  this  metal  •«•  Clearoland*!  Miaeralogj,  10$. 


blood.  A  rod  oftini  immersed  in  Ihe  solution,  imparts  to  the 
liquid  around  it  a  fine  red  colour;  and  ii  rod  of  zioc,  a  deep 
blue  one. 


Section    XX.     Cerium. 

1361.  This  metal  was  obtnined  by  Hisingcr  and  Berulitu^ 
from  a  mineral  found  al  BaAlnas  in  Sweden,  to  which  ihejr  h»ve 
given  the  name  of  Cerile*  It  is  also  contained  ia  •^llaniu,  t 
mineral  from  Greenland,  first  distinguished  as  a  [peculiar  sp«cies 
by  Mr  Thomas  Allan,  of  Edinburgh.  It  contains,  aceording  to 
Dr  Thomson's  analysis,  about  40  per  cent,  of  oxide  of  cerium. 

The  ore  19  calcined,  pulverized,  and  digested  in  Ditro-muri- 
atic  acid.  To  the  filtered  solution  saturated  with  potassa,  oxalic 
scid  is  added,  which  occasions  a  precipitate  ;  this,  %vhen  dried 
and  ignited,  is  oxide  of  cerium. 

This  oxide  is  extremely  difficult  of  reduction.  Mr  Children 
succeeded  in  fusing  it  by  the  aid  of  his  powerful  Voltaic  app*- 
ratus,  and  when  intensely  heated  it  burned  with  a  vivid  flame, 
and  was  partly  volatilized. 

1362.  The   attempts  of  Vauquelin  to  reduce  the  oxide  of 
'-  cerium  produced  only  a  small  metallic  globule,  not  larger  than 

a  pin's  head.  This  globule  was  not  acted  upon  by  any  of  the 
simpleacids  ;  but  it  was  dissolved,  though  slowly,  by  nilro-mu- 
riatic  acid.  The  solution  was  reddish,  and  gave  traces  of  iroa; 
but  it  also  gave  evident  marks  of  cerium,  by  the  white  precipi- 
tate whichlartrjteofpotassa  and  oxalate  of  ammonia  threw  down. 
The  metallic  globule,  also,  was  harder,  whiter,  much  more  brii- 
tie,  and  more  scaly  in  its  fracture,  than  pure  cHst-irou.  The 
oxide  fused,  by  MrChildren's  battery,  (1361)  on  exposure  fora 
few  hours  to  the  air,  fell  into  a  light  brown  powder,  coniaiuing 
numerous  particles  of  a  silvery  lustre.  Hence  cerium  appears 
to  be  a  volatile  metal,  unless  it  be  volatilized  in  the  slate  ol'u 
oxide,  which  remains  to  be  decided  by  future  experiments. 
H.  ii.  78. 

1363.  Vauquelint  and  Hisingerhave  described  two  oxitUa  <tf 
ceriuj/i.  The  protoxide  is  while,  and  consists  of  cerium  100 
+  oxygen  17,41.  The  peroxide  is  brown,  and  contains  cerium 
100  +  oxygen  26,11.  If  we  regard  the  first  oxide  as  consti- 
tuted of  2  atoms  of  oxygen  +  I  of  metal,  the  equivalent  for 
cerium  will  he  92  ;  if  of  one  atom  only  of  oxygen  -\^  1  atom  of 
metal,  the  representative  number  of  cerium  will  be  46  ;  thai  of 
the  protoxide  S4 ;  and  that  of  the  peroxide  62.     H. 

1364.  Muriatic  and  sulphuric  acids  dissolve  the  red  peroxide 
of  cerium,  and  the  solutions  aflbrd  yellow  crystals.     Themttri- 
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ate  in  deliquescent ;  the  sulphate  difficultly  soluble.  The  sul- 
phate of  the  protoxide  forms  white  crystals  of  a  sweet  taste, 
rfitric  acid  forms  with  the  protoxide  a  deliquescent  compound, 
of  a  sweet  taste.  The  carbonate  is  precipitated  from  these  solu- 
tions in  the  form  of  a  white  powder. 

1365.  The  salts  of  cerium  are  either  white  or  yellow,  as  they  sdt^of 
contain  either  the  protoxide  or  peroxide.  Their  neutral  solu- 
tions  taste  sweet.  Ferrocyanate  of  potassa,  and  oxalate  of  am- 
Bonia,  produce  white  precipitates  soluble  in  nitric  and  muri- 
aUe  acids.  Neither  sulphuretted  hydrogen,  nor  gallic  acid, 
•eeasion  any  precipitate.     B. 

Aq  infusion  of  galls  produces,  in  muriate  of  cerium  a  yellow- 
ish precipitate  not  very  abundant.  A  few  drops  of  ammonia 
thrown  down  a  very  voluminous  one  of  a  brown  colour,  which 
beeomes  black  and  brilliant,  by  desiccation.  By  the  action  of 
heat,  it  assumes  a  brick-red  colour.     H.  ii.  77. 


Sectioh  XXI.     Tellurium. 

* 

1966.  The  ores  of  tellurium  are,  1.  Naiivey  in  which  the  ores. 
metal  is  combined  with  iron  and  a  little  gold.    2.  Oraphic  ore^ 
a  compound  of  tellurium,  gold,  and  silver.     3.   Yellow  ore^  a 
compoandof  tellurium,  gold, lead,  and  silver;  and  4.  Black  ore, 
consisting  of  the  same  metals  with  copper  and  sulphur. 

These  ores  have  been  found  in  the  Transylvania  mines,  in 
Siberia,  and  at  Huntington  in  the  state  of  Connecticut.* 

Tellarium  was  discovered  by  Klaproth,t  in  an  ore  of  gold,  proeenf^ 
His  process  for  extracting  it  consists  in  the  solution  of  the  ore  ^^^^ 
by  nitro-muriatic  acid,  dilution  with  water,  and  the  addition  of 
pore  potassa,  which  throws  down  all  the  metals  that  are  pres- 
ent; and,  when  added  in  excess,  re-dissolves  a  white  precipi- 
tate which  it  at  first  occasions.  To  the  alkaline  solution,  muri- 
atic acid  is  then  added ;  a  precipitate  again  appears ;  and  this, 
when  dried  and  heated  with  one  twelfth  its  weight  of  charcoal, 
or  with  a  small  quantity  of  oil,  in  a  glass  retort,  yields  tellu- 
rium, in  the  form  of  small  brilliant  metallic  drops,  lining  the 
upper  part  of  the  body  of  the  retort. — One  hundred  parts  of  the 
ore  yield  above  90  of  tellurium.     H.  2,  100. 

1367.  Tellurium  is  of  a  bright  grey  colour,  brittle,  easily  Propcnkt. 
fusible,  and  very  volatile.     Its  specific  gravity  is  6,1. 

1368.  It  is  oxidized  when   heated  in  contact  with  air;  and  oside. 
^  bums  with  a  sky-blue  flame,  edged  with  green.     Upon  charcoal, 

before  the  blow-pipe,  it  inflames  with  a  violence  resembling 
detonation;  exhibits  a  vivid  flame;  and  entirely  flies  ofi*  in  a 
grey  smoke,  having  a  peculiarly  nauseous  smell.  This  smoke, 
when  condensed,  and  examined  in  quantity,  is  found  to  be 
white  with  a  tint  of  yellow.     It  is  fusible  by  a  strong  heat,  and 

•  Am&t,  Jonr.  of  Science,  L  405.  f  Contributloiuii  ii.  1. 
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volatile  at  a  still  higher  temperature.  It  not  only  unites  mi 
base  with  acids,  but  also  itself  possesses  the  character  of  to 
acid,  and  forma  a  class  of  salts,  which  may  be  called  tellurala. 

It  is  composed,  according  to  Elaproth  of 


Tellurium S3  . 

Oxygen 17  . 


100, 
,  .  20,5 


u  Berzelius.  however,  delermines  the  quantity  of  osygen,  tb- 
sorbed  by  100  of  tellurium,  when  changed  into  oxide,  to  be 
27,83.  If  this  result  he  correct,  and  the  compound  be  the  pro- 
toxide, the  atom  of  tellurium  should  weigh  39  ;  but  the  dete^ 
minatron  of  Klaproth  would  make  it  30.     H.  2.  101. 

13G9.  Tellurium  is  soluble  in  nitric  and  nitro- muriatic  acidl 
The  saturated  solution  is  decomposed  by  the  mere  addition  of 
water,  which  throws  down  a  while  powder  ;  but  this  is  again  diy 

E,  solved  on  adding  more  water.  Chlorine  unites  with  telluriQm, 
and  forms  a  white  semi-transparent  compound,  which  is  decom- 
posed when  added  to  water.  It  consists,  according  to  SirH. 
Davy,  of  100  tellurium  united  with  90,5  chlorine.  From  its 
solutions  it  is  precipitated  in  a  metallic  form,  by  iron,  zinc,  tin, 
and  even  by  muriate  of  tin.  Carbonated  and  pure  alkalies  pre- 
cipitate the  telluric  oxide  united  with  water,  in  the  form  of  a 
white  hydrate  ;  and  the  oxide  is  re-dissolved  by  an  excess  of 
alkali  or  carbonate.  Alkaline  sulphurets  throw  down  a  liarli 
brown  or  blackish  precipitate.  Tincture  of  galls  produces  t 
flocculent  yellow  precipitate.  The  solutions  of  this  metal  in 
acids  are  not  decomposed  by  prussiate  of  potassa  ;  a  propertjr 
which  tellurium  possesses  in  common  with  gold,  pladuum, 
iridium,  rliodium,  and  antimony. 

1370.  It  gives  a  deep  purple  colour  to  sulphuric  acid,  from 
which  it  is  thrown  down  in  black  flocculi  by  water  ;  but  if  tlie 
acid  be  diluted  with  two  or  three  parts  of  water  to  which  a 
little  nitric  acid  has  been  added,  a  large  portion  of  tha  metal 
is  dissolved,  and  the  solution  is  not  decomposed  by  water. 
U.  742. 

1371.  Tellurium  forms  two  distinct  compounds  with  hydro- 
gen, the  one  of  which  is  solid,  and  the  other  gaseous.  1st.  By 
making  tellurium  the  negative  surface  in  water,  in  the  galvaoto 
circuit,  a  brown  powder  is  formed,  which  is  a  solid  kydmnl 
of  Ifllurium.  2dly.  By  acting  with  dilute  sulphuric  acid, 
upon  the  alloy  of  tellurium  and  potassium  (which  may  be  ob- 
tained by  heating  a  mixture  of  solid  hydrate  of  polassa,  telluri- 
um, and  charcoal),  we  obtain  a  peculiar  gaa.  This  gas  has  a 
smell  resembling  that  of  sulphuretted  hydrogen.  It  is  absorbed 
by  water,  and  a  claret-coloured  solution  results,  nhich,  by  ex- 
posure to  the  air,  becomes  brown,  and  deposits  tellurium.  After 
being  washed  with  a  small  quantity  of  water,  it  does  not  affect 
vegetable  blue  colours.     It  burns  with  a  bluish  tiamo,  depositing 
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oxide  of  tellurium.  It  unites  with  alkalies  ;  precipitates  most 
metallic  solutions ;  and  is  instantly  decomposed  by  chlorine  gas. 
It  may  be  called  ielluretied  hydrogen  gas.  According  to 
Berzelius^  it  is  constituted  of  100  parts  of  tellurium  with  a  little 
less  than  two  parts  of  hydrogen.     H.  11.  102. 

1372.  According  to  Dr  Thomson,  the  specific  gravity  of 
telluretted  hydrogen  is  2,916,  and  100  cubical  inches  weigh 
69,895  grains. 

1373.  TeUuraie  of  Poiassa  may  be  formed  by  heating  oxide 

of  tellurium  with  nitre,  and  dissolving  the  residuum  in  boiling  poUMft/^ 
water,  which,  on  cooling,  deposits  an  imperfectly  crystallized 
white  powder,  difficultly  soluble  in  water. 

1374.  Solution  of  tellurate  of  potassa,  added  to  solutions  of 
lime,  baryta,  strontia,  copper,  and  lead,  forms  insokible  teliu- 
rates  of  the  oxides  of  those  metals. 


Section  XXII.     Selenium. 

1375.  This  body  is  placed,  rather  from  analogy  than  experi- 
ment, among  the  metals. 

In  the  chambers  for  manufacturing  sulphuric  acid,  from  the 
sulphur  which  is  procured  at  Fahlun  in  Sweden,  a  reddish  ^!^i^^ 
mass  is  deposited,  which  is  principally  sulphur.*  This  sub- 
stance, in  burning,  gave  out  an  odour,  which  induced  Berzelius 
to  suspect  that  it  contained  tellurium,  but  on  a  minute  examina- 
tion he  discovered,  instead  of  that  metal,  a  body  with  entirely 
new  properties,  to  which  he  has  given  the  name  of  Selenium. 
The  process  by  which  it  was  extracted,  is  described  in  the  13th 
vol.  of  Annals  of  Philosophy,  p.  403  ;  but  as  the  source  of  it  is 
extremely  rare,  it  will  be  sufficient  to  refer  to  Berzelius' 
description. 

1376.  The  colour  of  Selenium  varies  a  ^ood  deal.     When 
rapidly  cooled,  its  surface  has  a  dark  brown  hue,  and  its  frac-  ^"^p*'^**- 
tore  the  colour  of  lead.     Its  powder  has  a  deep  red  colour,  but 

it  sticks  together  when  pounded,  and  then  assumes  a  grey  col- 
our and  a  smooth  surface.  It  softens  at  212^  Fahr.,  and  com- 
pletely fuses  at  a  few  degrees  higher.  While  cooling,  it  has  a 
considerable  degree  of  ductility,  and  may  be  kneaded  between 
the  fingers,  and  drawn  out  into  fine  threads,  which  have  a  strong 
metallic  lustre,  an  imperfect  degree  of  transparency ;  and  are 
red  by  transmitted,  but  grey  by  reflected  light.  When  slowly 
cooled  it  assumes  a  granulated  fracture,  and  is  extremely  like 
a  piece  of  cobalt.  At  a  temperature  nearly  equal  to  that  of 
boiling  mercury,  selenium  enters  into  ebullition ;  and  condenses, 

*  It  has  Vfn  lately  difcorered  by  M  Stromeyer  unonftt  the  rolcuuc  products  of  the  Lipari  isIrikU, 
•ad  the  paculiar  oraaf a  ttatof  the  fnlphurfrom  those  islaods  is  supposed  to  proceed  from  its  prr-sence. 
St  Ann.  Phiiot.  A*.  S.  a.  SS4.— Professors  Stromejer  and  UansmaBa  have  given  sd  accooot  of  a  u*fw 
•n  of  lead  conlaininf  seleainm.    See  Bost.  Jour.  ii.  iffl. 


either  into  opaque  metallic  drops,  or,  when  a  retort  with  a  large 
neck  is  used,  into  flowers  of  a  fiae  clonabar  colour.  lis  vapour 
has  a  deep  yellow  colour,  more  intense  than  that  of  chlorine, 
but  not  90  deep  as  that  of  sulphur. 

1377.  When  healed  before  the  lilow-pipe,  it  tinges  ihe  flame 
of  a  fine  azure  blue,  and  exhales  so  strong  a  smell  of  horse-rad- 
ish, that  a  fragment,  not  exceeding  ,',  of  a  grain,  is  sufficient  to 
jill  the  air  of  a  lar^e  apartment. 

1378.  Selenium  and  Oxygen. — Oxide  of  Selenium  is  formed 
by  healing  Selenium  in  a  close  phial  with  common  air,  which  le- 
quires  a  strong  smell  of  horse-raddish.  Water  agitated  with  ihii 
air  imbibes  the  odour  of  the  gas,  and  reddens  litmus  feebly.hul 
this  appears  to  be  owing  to  the  production  of  a  smell  quantity  of 
selenic  acid.  Selenic  oxide  gas  is  very  sparingly  soluble  in 
water.and  does  not  impart  any  tasle  to  it.  It  docs  not  combine 
with  liquid  alkalies. 

1379.  Selenic  acid. — Selenium  dissolves  in  nitric  and  nitro- 
a.  muriatic  acids,  and  when  the  solution  is  evaporated  in  a  retort, 

so  as  to  expel  the  excess  of  those  acids,  there  remains  a  white 
saline  mass,  which  sublimes  on  raising  the  temperature,  aad 
forms  a  vapour,  the  colour  of  which  closely  resembles  that  of 
chlorine.  In  the  cold  part  of  the  apparatus,  selenic  acid  coa- 
denses  in  very  long  four-aided  needles.  These  crystals,  when 
first  taken  out  of  the  retort,  have  a  dry  aspect,  and  a  peculiar 
lustre.  Exposed  to  the  air,  they  adhere  to  each  other,  and  the 
lustre  becomes  dull,  but  they  do  not  liquefy. 

1380.  Selenic  acid  has  a  sour  taste,  and  leaves  a  slightly 
burning  sensation  on  the  tongue.  It  is  very  soluble  in  cold 
water,  and  dissolves  in  almost  every  proportion  in  boiling  water. 
A  saturated  solution  crystallizes,  when  rapidly  cooled,  in  amall 
grains,  and  when  slovvly  cooled  in  striated  prisms.  The  cry*- 
tals  dissolve  in  great  abundance  in  alcohol,  and  the  solutioa, 
when  distilled,  yields  a  fluid  having  an  ethereal  smell. 

Selenic  acid  unites  with  different  bases,  and  forms  a  class  of 
salts  called  Selenatcs  or  Selentates. 

Selenic  acid  is  easily  reduced  both  in  the  moist  and  the  dry 
way.  When  a  plate  of  zinc  or  polished  iron  is  introduced  ioto 
a  solution  of  selenic  acid  mixed  with  muriatic  acid,  selenium  it 
precipitated  in  the  form  of  red,  or  brown,  or  blackish  pUies. 
It  is  revived,  also,  by  sulphuretted  hydrogen,  and  sulphurous 
acid  gases, 

1381.  From  his  investigation  of  selenic  acid,  Berzelius  has 
inferred  it  to  consist  of 

a.  Selenium 71,261 100,00 

Oxygen 28,739 40,33 

100. 
On  the  supposition  that  it  is  constituted  of  an  atom  of  base 
+  2  atoms  of  oxygen,  the  equivalent  number  for  selenium  will 
be  41,  and  for  selenic  acid  57. 


1383.  Selenium  and  Chlorine. — Selenium  absorbs  chlorine  I'Monwii 
pas,  and  becomes  hot  and  forms  a  brown  liquid,  which,  by  an  "■'"'""- 
atldilional  quantity  of  cliloriue,  is  converted  into  a  white  solid 
mass.  This  is  slated  by  fierzelius  to  be  a  compound  of  morialic 
and  sclenic  acids,  but  it  is  probably  composed  of  chloride  of 
flblenium  and  the  latter  acid.  It  has  not  yel  been  accurately 
separated  into  its  component  parts,  for  when  heat  is  applied, 
both  substances  are  sublimed.     H.  1.  391. 

1383.  Selenium  unties  with  the  metals.  Wilh  potassium  it 
combiucs  witb  ^reat  energy,  producing  a  greyish  compound, 
wiih  metallic  lustre,  and  which,  when  thi'owu  into  water,  evolves 
leienurelled  Aj/drogen  gas,  which  is  highly  irrilolijig  to  the 
DDstriU.     B. 

1384,  While  this  body  possesses  some  of  the  characters  of 
meuls.  {the  mclallic  lustre  for  example,)  it  is  destitute  of  others 
thdt  are  essential  to  its  arrangement  in  that  class.  It  has  more 
transp.irency  than  any  metal,  and  is  distinguished,  also,  from 
the  metals,  by  the  want  of  power  to  conduct  electricity  or  heat. 
In  some  respects  it  resembles  tellurium  ;  but,  op  the  whole,  its 
propertiMare  most  analogous  to  those  of  sulphur;  and  It  may  ■l."iiu.°* 
be  regarded  as  forming  llie  connecting  link  between  metals  and 
ftoa-aielallic  combustibles.     II.  394. 


Section  XXIII.     Arsenic. 

1385.  Ahsemc,  as  it  is  found  under  that  name  in  the  shops,  tsomi 
is  not  a  met^l,  but  a  white  oxide,  from  which  the  metal  may  be  ^'^^^^ 
obtained  by  mixing  it  with  half  its  weight  of  black  flux,"  and 
iiUroduciDg  the  mixture  into  a  Florence  flask,  placed  in  a  sand 
bath,  gradually  raised  to  a  red  heal:  a  brilliant  metallic  subli- 
mate of  pure  arsenic  collects  in  the  upper  part  of  the  flusk.  The 
voliilility  of  white  arsenic  prevents  its  easy  reduction  by  char- 
(■lal  :ilone;  but  the  potassa  in  the  flux  enables  it  to  acquire  a 
iviiipcralure  sufficient  for  its  perfect  reduction. 

1 3Sti  Arsenic  is  of  a  steel  blue  colour,  quite  brittle,  and  of  a  ch~r>< 
'lecilic  gravity  =  8,3.  It  readily  fuses,  and  in  close  vessels 
i.iy  b«  distilled  ata  temperature  of  3G0°,  which  is  lower  than 
'  1  l'usin°;  point.  Its  vapour  has  a  very  strong  smell,  resembling 
■  -..it  of  garlic.  Heated  in  the  air  it  easily  lakes  fire,  burns  with 
-J  blue  flame,  and  produces  copious  while  fumes  of  oxide.  Ex- 
]>jsed  lu  a  moist  air  it  gradually  becomes  incrusied  with  a  grey 
jidwder.  which  is  an  imperfect  oxide.  This  metal  and  all  its 
compounds  are  virulent  poisons. 

13S7.  Native  arsenic   usually  occurs  in  rounded  masses,  or  j,^^^ 
nodules,  of  a  foliated  lamellar  texture,  in  the  veins  of  primitive 
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rocks,  and  is  often  associated  wiih  silver,  cobalt,  lead,  mi 
nickel  ores. 
I  1388.  Arsenic  and  Oxygen. — There  are  two  dpfiniie  com- 
pounds of  arsenic  and  oxyf^en,  which  are  both  cnpable  of  ibrn- 
ing  combinations  with  olher  metallic  oxides.  They  are  lour 
and  soluble  in  water,  and  have  lliente  been  properly  termed 
araenioua  and  arsenic  acids. 

The  arsenious  acid,  or,  as  il  Is  commonly  called,  white  arte- 
tiic,  or  while  oxide  of  arsenic,  is  tlie  best  known,  and  most 
commonly  occurring  compound  of  this  metal  ;  and  as  casc!  of 
poisoning  by  it  are  frequent,  every  person  should  be  well 
acqtiaioted  with  its  characteristic  properties. 

1389.  Arsenious  acid  may  easily  be  procured  by  the  comliiii- 
tion  of  the  metal;  but  as  it  is  formed  during  certain  metallur- 
gic  processes,  that  mode  is  rarely  resorted  to.  It  is  abundanllf 
prepared  at  Joachimslhal  in  Bohemia,  from  arsenical  cobalt  orr^ 
which  are  roasted  in  reverberntory  furnaces,  and  the  vaponn 
condensed  in  a  long  chimney,  the  contents  of  which,  submitted 
to  a  second  sublimation,  aSbrd  the  white  arsenic  of  commerce. 

1390.  Arsenious  acid  is  white,  semi-transparent,  brittle,  ami 
of  a  vitreous  fracture.  Us  specific  gravity  is  3,7.  lis  tasle  i» 
acrid,  accompanied  by  a  very  nauseous  sweetness,  and  it  is  tip- 
ulently  poisonous,  producing  inflammation  and  gangrene  of  the 
stomach  and  intestines;  it  also  proves  fatal  when  applied  to  i 
wound  ;  and  as  the  local  injury  is  in  neither  case  sufficient  to 
cause  death,  it  is  probable  that  an  induced  affection  of  the  nerv- 
ous system  and  of  the  heart  is  the  cause  of  the  mischief.*  To 
get  rid  of  the  poison  by  producing  copious  vomiting  and  purg- 
ing, and  to  pursue  the  usual  means  of  subduing  and  preventing 
inflammation,  are  the  principal  points  of  treatment  to  be  adopted 
in  cases  where  this  poison  has  been  laken.t 

1391.  By  a  slow  sublimation  arsenious  acid  forms  tctraedral 
crystals;  it  is  volatile  at  380°,  and  has  no  smell  when  perfecdy 
free  from  metallic  arsenic. :t  According  to  Klaprolh,  1000  parts 
of  water  at  60"  dissolve  2,5  of  white  arsenic ;  and  1000  parU  of 
water  at  212°,  dissolve  rather  more  than  77  parts,  and  about  30 
parts  are  retained  in  permanent  solution. — But  the  most  elabo- 
rate experiments  are  those  of  Fischer  of  Breslau.  According 
to  these,  white  oxide  of  arsenic  is  insoluble  as  such  in  water, 
and,  when  acted  upon  by  water,  one  portion  of  the  oxide  w- 
quires  oxygen  from  another,  and,  becoming  acidified,  is  ^en(ie^ 
ed  soluble.  This  is  the  reason  why  the  undissolved  portion 
loses  its  colour,  and  becomes  of  a  dirty  yellow.  Of  boiling  water, 
12,3  parts  dissolve  one  of  arsenic;  but  at  the  common  lempe- 
rature  of  the  atmosphere,  6G^  parts  of  water  take  up  only  oae 
part.§     H. 
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Jbe  solutions  taste  acrid  and  nauseous,  and  redden  vegetable 

SO  parts  ofatcahol  at  60°,  dissolve  one  part  of  this  acid. 

leous  aolutioQ  Turtiishes  tetraedral  crystals  by  slow  evap- 

BD2.  From  late  experimcnla  Dr  Thomson  has  deduced  the  j. 
^hl  of  the  atom  of  arsenic  to  be  -1,75  oxygen  being  1  j  this  " 
taapoods  with  38  when  hydrogen  is  taken  as  unity;  and  he 
Iders  u-senious  acid  as  composed  of  1  alom  arsenic  and  2 
B  oxygen  ;  and  arsenic  aciil  of  I  arsenic  +  3  oxygen,  giv- 
p,75  fur  the  representative  number  of  arseniiius  acid  on  the 
a  scale,  or  54  on  the  hydrogen ;  and  arsenic  acid  will  be 
tsented  on  iha  former  by  7,75,  on  the  latter  by  68.* 
".  Native  If'Ai/e  ,//rsenic  occurs  in  prismatic  crystals, 
1  B  pulverulent  form  ;  it  is  found  in  Saxony  and  Hungary. 
t4.  The  arst^iiious  acid  forms  a  distinct  class  of  salts,  called 
^itta,  which  have  been  but  little  examined, 
e  anenilM  of  rimmonia,  potassa,  and  soda,  are  easily  a 
e  and  uncrystjlliziiltle  :  they  arc   formed    by    boiling  Ihe 
1  th«  alkaline  solutions.     Tlio^eof //me,  baryta, atrontia, 
Utgnesia,  are  diiTicuItly  soluble,  and  formed  in  the  same 
wav.      Arsenite  of  potassa  is  the  active  infjredient  in  the  liguor 
'rissx  arsenUis  of  the  U  S.  Pharmacopeia,  and  in  Fuwier'a 
merai  solution  or  lus/eless  af^ue  drop. 
Arsenile  of  ammonia  produces  a  yellow  precipitate  in  nitrate 
uf  silver,  easily  soluble  in  excess  of  ammonia. 

1395,  Arsenile  of  potassa  produces  a  white  precipitate  in  the  _ 
ivliil(>  salts  of  manganese  ;  a  dingy  green  precipitate  in  the  solu- 
tions of  iron  ;  a  white  precipitate  in  solutions  of  zinc  and    tin. 
Mixed  with  a  solution  of  sulphate  of  copper,  a  precipitate  of  a 
fine  apple  green  colour  falls,  called  from  its  discoverer,  ScheeW* 
■■'■fit,  and  is  useful  as  a  pigment.     In  the  solutions  of  lead,  anti- 
<:  y,  and  bismuth,  it  forms  white  precipitates:  added  to  nitrate 
Loball  it   forms  a  pink  precipitate;  and  bright  yellow,  with 
:r.iTe  of  uranium.     With  nitrate  of  silver  it  forms  a  white  prc- 
i.tate,  soon  becoming  yellow,  and  very  soluble  in  ammonia. 
1  these  precipitates  are  probably  arsenilcs  of  tlie   respective 
I  ul>,  and,  heated  by  a  blow-pipe  on  charcoal,  they  exhale  the 
jiiiL-ll  of  arsenic. 

I S96.  lly  repeated  distillation  with  nitric  acid  only,  arsenious  a 
acid  is  changed  into  arsenic  acid.     Or  a  mixture  of  -1  parts  of 
irmriaiic   and   24    of  nitric   acid    muy  he  distilled  olf  8   parts 
I  ^irsenious  acid,  gradually  raising  the  bottom  of  the  retort  to 
rtd  heat  at  the  end  of  the  operation.     It  may  also  be  procured 
'iistilling  nitric  acid  off  powdered  mclallic  arsenic. 
1397.  Arsenic  acid  is  a  white  substance,  of  a  sour  taste  ;  it  is  p, 
liijuesceut  and    uncrystatlizable.      lis  specific  gravity  is  3,4. 
requires  for  solution  6  parts  of  cold  .ind  2  of  boiling  water; 
'M  solution  reddens  vegetable  blues,  and  tastes  acrid  and  me- 
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«  1998.  It  appears  from  the  experiments  of  Proast  and  Thom- 
son, that  the  oxygen  in  the  arsenic  acid  is,  to  that  in  the  arseDJ- 
ous  acid,  38  3  lo  3 ;  hence  we  may  regard  it  as  a  compound  of 
1  proportional  of  arsenic  =38,  and  3  proportionals  of  oxy^a 
=  24,  and  its  representative  number  will  be  62. — Berzeliui, 
has  been  led,  by  his  investigation  of  thesie  acids,  lo  con- 
elude  that  the  ratio  of  the  oxygen  in  arsenic  acid  is  lo  that  in 
arsenious  acid  as  5  to  3,  a  deviation  from  the  general  law  of 
acid  compounds,  limited  to  those  with  base  of  arsenic  aod  pho^ 
phorus.  Between  these  acids,  indeed,  there  seems  lo  be,  in 
several  respects,  a  considerable  analogy,  especially  in  their  sahs, 
which,  though  carefully  neutralized  when  in  solution,  yet  when 
concentrated  by  evaporation,  crystallize  with  an  excess  of 
alkali.     H.  2.  50. 

1399  The  .drsenintes  are  produced  by  the  union  of  this  add 
tvith  the  metallic  oxides;  and  many  which  are  insulable  maf 
be  formed  by  adding  arseniale  of  polassa  to  their  respectin 
solutions. 

1400.  Jirstniate  ofAmm.onia  is  formed  by  saturatingimDie 
acid  with  ajnmonia  ;  rhomboidal  prisms  are  obtained  on  evapo- 
ration, which,  when  gently  heated  effloresce  and  evolve  ammo- 
nia; at  a  higher  temperature  pure  water  is  formed,  oxide  of 
arsenic  sublimes,  and  nitrogen  is  evolved,  a  circtimstaoce  Gral 
observed  by  Scheele. 

1401.  Binarseniaie  of  Polassa  may  either  be  formed  by 
adding  excess  of  arsenic  acid  to  potassa  and  evaporation ;  or  by 
heating  lo  redness,  in  a  Florence  flask,  a  mixture  of  equal  pirti 
of  nitre  and  while  arsenic,  during  the  latter  operation  muth 
nitrous  gas  is  evolved,  and  on  dissolving  the  residue  in  water, 
filtering,  and  cvaporaling,  quadrangular  crystals  of  binarseniiie 
ofpotassa  lire  obtained.  Macquer  was  the  first  who  procured 
this  compound,  hence  it  was  termed  Macquer's  neutral  arte- 
nical  suit.  It  is  not  easily  decomposed  by  heat  alone,  and  may 
be  fused  and  kept  red  hot  without  undergoing  other  change 
than  losing  a  little  acid,  but  when  mixed  with  about  an  eighth  of 
charcoal  ]iowder  and  distilled,  metallic  arsenic  rises,  and  carbo- 
nate ofpotassa,  mixed  with  a  part  of  the  charcoal,  remains  In  the 
body  of  the  re'ort.  This  salt  is  used  in  pharmacy  for  the  cun 
of  agues:  it  consists  of 

1  proportional  ofpotassa =    48 

2 arsenic  acid  ..'..=  124 

172     B. 

X)r  Thomson's  analysis  makes  it  to  consist  of 

Arsenic  acid 65,436 

Potassa 27,074 

Water 7,500 

100. 
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1402.  •Srseniaie  of  Soda  is  formed  by  saturating  a  solution  —  or  Mda. 
of  carbonate  of  soda  with  arsenic  acid ;  on  evaporation^  crystals^ 

are  obtained^  which  appear  to  consist  of 

1  propdHional  of  soda ss  32 

I  '  arsenic  acid =62 

94 

It  has  a  cooling  taste,  resembling  that  of  carbonate  of  soda, 
kit  less  strong.  It  requires  more  than  ten  times  its  weight  of 
eold  water  for  solution,  and  the  liquid  has  alkaline  properties. 
It  undergoes  the  watery  fusion.  Its  solution,  when  dropped 
into  most  earthy  and  metallic  salts,  occasions  precipitates,  the 
peculiar  appearances  of  which  are  exhibited  by  Dr  Thomson 
m  a  table  published  in  the  Annals  of  Philosophy,  xv.  83.     H. 

1403.  tSrseniate  o/  Lime  is  deposited  when  arsenic  acid  is  —  •f  uom, 
dropped  into  lime-water  or  when  arseniate  of  potassa  is  added 

to  nitrate  of  lime ;  it  is  diflScultly  soluble  in  water,  and  consists, 
according  to  Laugier*  of  arsenic  acid  67,  lime  33^  numbers 
which  do  not  exactly  correspond  with  1  proportional  of  acid  + 
1  of  base. 

1404.  Arseniate  of  Baryta  may  be  formed  by  mixing  neu — of  Buyt** 
tralrsrseniate  of  soda  with  nitrate  of  baryta;  when  the  acid  is 

not  Id  excess  it  is  insoluble  in  water.     It  consists  of 

Arsenic  acid 42,94  ....  100, 

Baryta   .  .  • 56,06  ....  132,88 

100.  H.t 

1405.  Jirstniate  of  Zinc  is  precipitated  in  the  form  of  a  .ofiiae. 
white  insoluble  powder  when  arsenic  acid,  or  an  alkaline  arse- 
niate, is  added  to  sulphate  of  zinc. 

1406.  Jlrseniate  of  Tin  is  a  white  insoluble  powder,  pre-  -of  *»»• 
mpitated  by  adding  arseniate  of  potassa  to  muriate  of  tin. 

1407.  Arseniate  of  Copper  is  formed  by  adding  an  alkaline  —of copper. 
arseniate  to  nitrate  of  copper ;  it  is  a  blue  insoluble  powder. 

The  arseniates  of  copper  have  been  submitted  to  an  elaborate 
investigation  by  Mr  Chenevix,  he  has  described  five  varieties.^ 

1408.  Jirseniate  of  Lead.     It  may  be  formed   by  pouring 
arsenic  acid  into  any  of  the  soluble  salts  of  lead  when  it  falls  in  —  ofua/, 
the  form  of  a  white  powder,  insoluble  in  water,  but  soluble  in 
dilute  nitric  acid  ;   a  circumstance  which  enables  us  in  analysis 

to  separate  it  from  sulphate  of  lead,  which  is  insoluble.  This 
compound  is  fusible  without  decomposition  ;  but  if  it  be  heated 

*  AjmmU  4e  Chim.  86,  58. 

t  .'frvMM/*  0/'Jlf«|rnMt0  it  soloblo.  dcliqaeaeoiit,  and  anerystallisable.  JInmial*  ^  Mangmnnt 
it  preeipitkted  ia  the  fonn  of  a  white  powder,  by  addinif  aneoiate  of  potaMa  to  muriate  of 
■aiyaiieM.  ArMiuaU  of  /roR'^Aneoiate  of  ammooia,  added  to  the  solutioot  of  protosolpbate  and 
penalpbata  of  ireo,  occaiiom  greemsh  precipitatet  of  protaraenmU  •aiptrantniaU  of  iron,  both  of 
wUeb  haT«  b«eo  examined  by  Mr  Chenerix.    Phil.  Tfana.  1801,  pp.  320.  336. 

I  8m  PbU.  Trans.  1801  —Thomson*!  Sy«f«m,  ii.  4fi3,  Amer.  edit.— and  Fint  PrineipUs,  ii.  S81. 
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with  cbarfcoil,  both  the  lead  and  arsenic  are  reduced,  and  the 
latter  evaporates. 

Arseniate  of  lead  occurs  native  ;  the  finest  crystallized  nri- 
eties  are  associated  with  silver  at  Johanngeor^nstadt  in  Sai- 
ony,"  The  arseniate  from  Cornwall,  Kng.  is  inferred  by  Dr 
Thomson,  from  the  analysis  of  Mr  Gregor,  to  consist  of  I  atom 
acid  and  1^  protoxide  of  lead  ;  that  from  Saxony  of  one  atom 
of  each  of  its  constituents.     T.  2.  371. t 

1409.  •Srsenicand  Chlorine. — Chloride  o/arsenic  is  formed 
by  throwing  finely-powdered  arsenic  into  chlorine  ;  the  meial 
burns  and  forms  a  whitish  deliquescent  and  volatile  compound; 
it  may  also  be  obtained  by  distilling  6  parts  of  corrosive  subli- 
mate  with  1  of  powdered  arsenic  ;  the  chloride  passes  into  the 
receiver  in  the  form  of  an  unctuous  fluid,  formerly  called  bulttr 
of  arsenic.  Mixed  with  water,  the  chloride  of  arsenic  ti 
decomposed,  and  white  oxide,  or  arsenious  acid,  is  deposited,  mu- 
riatic acid  being  at  the  same  time  produced.  Hence  it  may  be 
inferred,  that  the  chlorine  is  to  the  arsenic  In  the  same  propor- 
tion as  the  oxy^n,  and,  consequently,  that  it  consists  of  I  pro- 
portional of  arsenic  -|-  2  proportionals  of  chlorine,  which,  from 
Dr  Davy's  experiments,  appears  to  be  the  case.     B. 

Dr  Duvy  determined  the  composition  of  this  compouad.}  bj 
synthesis,  and  states  it  to  consist  of 

Chlorine 60,48 100  ■ 

Arseaic 39,52 6£,3      H 


This  analysis,  however,  does  not  lead  to  an  atomic  weight 
for  arsenic  at  all  coinciding  with  that  deduced  from  the  oxides. 
From  the  name  which  Dr  Davy  gives  to  this  compound,  itii 
evident  that  he  considers  it  as  the  protochloride ;  but  in  that 
case  the  atom  of  arsenic  would  weigh  only  23,4.  ;  for  100  :  GS 
;  :  36  :  23,4.  There  is,  probably  therefore,  some  error  in  the 
estimate  of  its  composition.     II.  2.  51. 

1410.  Chlorate  of  Arsenic  has  not  been  examined,  but  chlo- 
rate of  polasaa  and  metallic  arsenic  aflbrd  a  detonating  mixture, 
which  takes  fire  with  amazing  rapidity.  The  salt  and  meial, 
first  separately  powdered,  may  be  mixed  by  the  gentlest  powi- 
ble  triture,  or  rather  by  stirring  them  together  on  paper  with  a 
knifepoint.  If  two  long  trains  be  laid  on  a  table,  Ihe  one  of 
gunpowder,  and  the  other  of  this  mixture,  and  they  be  placed  ia 
contact  with  each  other  at  one  end,  so  that  they  may  be  fired  it 
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onee,  the  arsenical  mixture  detonates  with  the  rapidity  of  light* 
niog,  while  the  other  burns  with  comparatively  extreme  slow- 
ness.   H« 

1411.  Iodide  cfJirseniCj  obtained  by  heating  the  metal  with  lodia*. 
excess  of  iodine,  is  of  a  deep  red  colour,  and  volatile.     When 
aeted  upon  by  water,  it  produces  hydriodic  and  arsenic  acids, 
whence  it  appears  probable  that  it  contains   1   proportional  of 
arsenic  and  3  of  iodine. 

1413.  Jirsenic  and  Hydrogen. — ^When  tin  is  dissolved  in  AneoicMd 
liquid  arsenic  acid,  an  inflammable  gas  is  disengaged,  as  was  ^i^^**^ 
otMerved  by  Scheele,  consisting  of  hydrogen  gas,  holding  arsenic 
in  solution.  It  may  be  obtained,  also,  by  adding  metallic 
arsenic  to  a  mixture  of  diluted  sulphuric  acid  and  zinc  filings,  or 
by  acting  on  water  with  a  triple  alloy  of  arsenic,  potassium  and 
antimony.  This  alloy  may  be  formed  by  heating  strongly,  for 
two  hours,  in  a  close  crucible,  two  parts  of  antimony,  two  of 
eream  of  tartar,  and  one  of  white  arsenic.  When  two  or  three 
drachms  of  this  alloy  are  thrown  quickly  under  a  jar  inverted 
in  water,  abundance  of  arsenuretted  hydrogen  is  disengaged.* 
The  greatest  caution  should  be  used  to  avoid  its  deleterious 
effects,  which  were  fatal  to  the  late  M.  Gehlen.t  The  gas 
may  be  collected  over  water,  by  which  it  is  not  sensibly  ab- 
sorbed. 

1413.  The  specific  gravity  of  this  gas  is  liable  to  vary  accord- 
ing to  the  mode  by  which  it  is  procured.  It  has  been  found 
heaviest  when  obtained  from  a  mixture  of  4  parts  of  zinc,  1 
of  arsenic,  and  3  of  sulphuric  acid,  diluted  with  4  or  5  of  water. 
After  Standing  a  day  over  water,  it  deposits  a  small  quantity  of 
brown  matter,  which  appears  to  be  a  hydruret  of  arsenic^  and 
then  it  has  a  specific  gravity  of  from  12  to  14,  hydrogen  being 
s=  1.  This  is  considerably  heavier  than  the  usual  estimation. 
If  the  gas  were  composed  of  1  proportional  of  arsenic  and  two 
of  hydrogen,  without  condensation,  100  cubical  inches  should 
weigh  51,75  grains,  and  its  specific  gravity  to  hydrogen  would 
be  20,7.  But  6ay-Lussac  and  Thenard|  have  shown  by  decom- 
posing it  by  tin,  that  100  parts  expand  to  140,  which  would 
still  increase  its  specific  gravity,  it  being  probable  that  3  volumes 
of  hydrogen  are  condensed  into  2.  It  is  probable,  therefore, 
that  the  gas,  hitherto  described  under  the  name  of  arsenuretted 
hydrogen,  is  a  mixture  of  the  real  compound  with  hydrogen.  B. 

1414.  The  gas  obtained  by  the  above  described  process  is  Prop«rU«s. 
expanded  in  volume  and  deposits  arsenic  at  high  temperatures  : 
•xposore  to  intense  cold  is  said  to  occasion  its  liquefaction.     It 

*  Qnrtorij  JoarmJ,  uiL  tih. 

t  Aaa.  a*  Chim.  9B,  110 ;  ud  Ann.  d«  Chia.  ct  Pliyt.  iii.  136. 

X  Rtehmreku  Pikytieo-CAMntfiMf,  Tod.  i.  p.  330.    From  tb«  antlofy  of  tlM  otbor  «OBpoiiiidt  of 
kjdrogeo  and  •  cotabwtible,  there  oeemt  little  doubt  that  it  U  a  conpouod  of 

1  Tolame  aneok  Tapoor  )        ,         .... 

,  _   .     .  >  condcBied  into  1  Tolnme. 

1  Tolaifle  hjdrofcn  gas   ) 

T.  Firtt  PrincifUi,  i.  »6. 


I   SULPHUR. 


smells  strongly  alliaceous  ;  it  extinguishes  a  taper,  and  faurni 


with  a  pale  blue  flame,  depositing  a 


C  and  its  oxide,* 


s  and  oxygen  gisea, 

white  smoke,  and  a  strong  alliaceoui 


p  bubbles 
burn  with  a  blue  flame, 
smell. 

If  detonated  with  about  4  volumes  of  oxygen,  arsenious  acid 
anil  water  are  formed.  A  stream  of  arsenureued  hydrogen  gu, 
issuing  from  a  bladder  fitted  with  a  stop-rock,  and  set  on  Gre  in 
a  large  receiver  filled  with  oxygen,  burns  with  a  blue  flame  of 
uncommon  splendour. 

According  to  Siromeyer,t  it  requires  for  its  perfect  combin- 
tion  0,73  parts  by  bulk  of  oxygen;  but  this  is  probably  not 
sufficient  to  burn  the  arsenic. 

1415.  A  solid  compound  of  hydrogen  and  arsenic  maybe 
formed,  by  acting  on  water  with  an  alloy  of  potassium  and 
arsenic  j  and,  of  course,  much  less  hydrogen  gas  is  evolved, 
than  the  same  weight  of  uncombined  potussium  would  liberate 
from  water.  It  is  described  by  Gay-Ltissac,  as  separating  in 
chesnut-brown  coloured  flocks.  There  appears,  indeed,  to  be 
a  strong  affinity  between  hydrogen  and  arsenic  ;  for  Berzelius 
found  that  the  recently  prepared  metal,  when  distilled  along 
with  oxide  of  tin,  gave  a  drop  or  two  of  water.  It  must,  there- 
fore, have  yielded  hydrogen  to  the  oxygen  of  the  oxide.    H. 

1416.  If  bubbles  of  chlorine  be  passed  up  into  ajar  ofamn- 
uretted  hydrogen,  standing  over  warm  water,  flame  and  explo- 
sion are  often  produced,  muriatic  acid  is  formed,  and  a  browa 
hydruret  is  deposited  ;  but  if  the  gas  be  passed  in  the  same  way 
by  successive  bubbles  into  chlorine,  no  inflammation  results, 
absorption  takes  place,  and  muriatic  acid  and  chloride  of  araenie 
are  formed.  If  the  chlorine  be  not  very  pure,  and  when  the 
gases  are  cold,  inflammation  seldom  follows  their  mixture. 

'    1417.  Chlorine,  ad<led   to  a  mixture  of  sulphuretted  with 
arsenuretted    hydrogen,  .causes  a  deposit  of  red  sulphuret  of 

1418.  Nitric  acid  suddenly  decomposes  arsenuretted  hydro- 
gen ;  water,  oxide  of  arsenic,  nitrous  acid,  and  nitric  oxide  an 
the  results. 

1419.  Jirsenic  and  Sulphur. — By  slowly  fusing  a  mixture 
of  metallic  arsenic  and  sulphur,  a  rfd  sulphuret  of  arsenic  b 
obtained.  It  is  crystallizable,  and  of  a  vitreous  fracture  :  itl 
specific  gravity  is  3.4.  It  is  usually  known  under  the  name  of 
realgar,  and  occurs  native  in  Germany  and  Switzerland,  in 
veins  of  primitive  rocks  and  among  volcanic  mailer.  111 
primitive  form  is  an  acute  octoedron. 

1420.  If  white  arsenic  be  dissolved  in  muriatic  acid,  and  pre- 
cipitated by  hydrosul|)hiiret  of  ammonia,  a  fine  yellow  sulphi'ret 
of  arsenic  falls,  which  it  appears  only  differs  in  form  from  real- 
gar: it  is  usually  called  orpiment. 
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1491.  Native  Orpimeni  is  of  a  bright  lemon  or  golden  colour.  Natire. 
it  is  generally  massive  and  lamellar.     It  occurs  both  in  primi- 
ive  and  secondary  rocks  in  Suabia,  Hungary,  China,  and  South 
kmerica. 

Orpiment  is  employed  in  calico-printing  to  de-oxygenate  in- 
ligo,  which  thus  becomes  capable  of  attaching  itself  to  the  cloth,  i^ms, 
if.  Braconnot  recommends  realgar  for  dyeing  wool,  silk,  or 
oitOQ,  of  a  fine  yellow  colour.  Having  mixed  one  part  of 
ulphar,  2  parts  of  white  arsenic,  and  5  of  potash  of  pommerce^ 
aelt  them  in  a  crucible  at  a  heat  near  (hat  of  redness.  The 
'ellow  mass  thus  obtained  is  to  be  dissolved  in  hot  water,  and 
iltered.  It  is  then  to  be  diluted,  and  sulphuric  acid  poured  into 
ty  of  suoh  strength  as  to  produce  a  fleecy  precipitate  of  a  superb 
rellow  coloui^.  This  dissolves  with  facility  in  ammonia,  and 
rives  a  yellowish  liquor,  into  which  is  to  be  poured  an  excess 
if  ammonia  for  the  purpose  of  discolouring  it  entirely.  Goods 
donged  into  this  solution  come  out  colourless,  rare  being  taken 
hat  no  metallic  vessels  are  used  ;  but  they  assume  a  fine  yellow 
18  the  ammonia  evaporates.  The  colour  is  durable,  and  resists 
leids  bat  not  alkalies.     (Jinn,  de  CAim,  el  Phys.  xii.  98.) 

1482^  Laugier*  and  Klaproth  found 

In  realgar 100  arsenic  united  to  43,67  sulphur.      <^po«ti«»- 

"    orpiment 100      "  "  63,93       do. 

It  appears  therefore,  that  orpiment  and  realgar,  are  both  sul- 
phurets  of  arsenic,  containing  sulphur  in  the  proportions  of  1  to 
1  j^,  or  2  to  9.  In  orpiment,  it  may  be  observed,  the  sulphur  is 
learly  double  the  oxygen  in  the  arsenious  acid.  To  agree  with 
itomic  proportions  it  ought  to  be  exactly  so.     H.  2.  54.t 

1423.  Sulphuric  acid  is  slowly  decomposed  when  boiled  upon  suiphat*. 
iraenic     Sulphurous   acid    is   evolved,  and  di£ScuItly  soluble 
crystalline  grains  oi  sulphate  of  ar^^mc  are  deposited  as  the 
lolution  cools4 

1424.  Arsenic  forms  alloys  with  most  of  the  metals,  and  they 

ire  generally  brittle.  With  potassium  it  forms  a  brownish  com-  ^"oy** 
pound,  which,  when  put  into  water,  evolves  less  hydrogen  than 
pure  potassium,  in  consequence  of  the  formation  of  hydruret  of 
irsenic.  (1412.)  With  sodium,  the  alloy  is  either  brown  and  of 
in  earthy  aspect,  or  grey  and  metallic,  according  to  the  propor- 
tions of  the  metals :  water  acts  upon  it  as  upon  the  former. 
[6at-Lvssac,  and  Thenabb,  Recherches  Pht/sico-Chimigues. 
Tom.  1.)  The  alloy  of  arsenic  and  manganese  is  not  known. 
With  iron,  zinc,  and  tin,  it  forms  white  brittle  compounds ;  with 
copper  it  forms  a  white  malleable  alloy ;  with  lead,  a  brittle 


d«  C:hiiB.  at  Phyt.  r.  179. 

f  StUpkmrti  ofArtemie  and  Irtn  it  fonod  natire  in  naoy  pftrU  of  Rarop«.  It  is  of  •  more  tilrery 
Mloor  tluu  iron  pyritM,  uid  when  heated  exbakg  the  odoor  of  arsenic.  It  is  called  ar$tnical  pyrita* 
sr  ■SIS  piekti. 

X  notfkmti  9fArum.it  is  ((Mmed  bj  heating  the  metal,  or  its  oxide,  with  phosphorus ;  it  it  pwy 
mk  brittle,  Naitbcr  the  Hyp^pkutpkiU  nor  PKv$pkiU  of  Ar$*nie  have  been  ei^mioed.  Pko*pkait 
if  ^flrenue  it  fonned  ia  dificnltlj  tolnble  crjstalline  graiot,  by  boiling  white  arsenic  in  phcspboric 
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compound  of  lamellar  texture;  with.aQtimony,  the  alloy  is  brit- 
tle, hard,  and  very  fusible.     It  combines  with   bismuth,  and 
probably  with  cobalt ;  but  these  alloys  have  not  been  examined. 
Vm*.  1425.  Arsenic  is  used  in  a  variety  of  the  arts.     It  enters  ioto 

metallic  combinations,  wherein  a  white  colour  is  required. 
Glass  manufacturers  use  it;  but  its  effect  on  the  composiuon  of 
glass  does  not  seem  to  be  clearly  explained.     U.  179. 

1426.  The  separation  of  arsenic  from  other  metals  may  gene- 
rally be  accomplished  by  deflagration  with  nitre,  by  which  it  is 
acidified,  and  the  arseniate  of  potassa  may  afterwards  be  washed 
out  by  hot  water. 

1427.  As  arsenic,  either  accidentally  or  intentionally  taken, 
is  a  very  frequent  cause  of  death,  and  often  the  subject  of  judi- 

tete.ui4^  cial  inquiry,  it  becomes  of  importance  to  point  out  the  mostef* 
•rMDic.  fectual  modes  of  discovering  its  presence.  Where  arsenic  proves 
fatal,  it  is  very  seldom  found  in  the  contents  of  the  stomach 
after  deith,  but  is  generally  previously  voided  by  vomiting  or  bf 
stool ;  and  we  often  can  detect  it  in  the  matter  thrown  off  the 
stomach,  in  the  form  of  a  white  powder,  subsiding  in  water. 
The  inflammation  of  stomach  which  results  is  generally  a  secon- 
dary effect,  and  takes  place  equally,  whether  the  poison  be 
swallowed  or  applied  to  a  wound. 

If  minute  quantities  of  white  powder  be  detected,  however, 
in  the  stomach  after  death,  or  in  the  matter  vomited,  it  is  to  be 
carefully  collected,  and  treated  as  follows : 

Concentrate  by  heat  in  a  capsule  the  suspected  poisonous 
solution,  having  previously  filtered  it  if  necessary.  Indeed,  if 
it  be  very  much  disguised  with  animal  or  vegetable  matters,  it 
is  better  first  of  all  to  evaporate  to  dryness,  and  by  a  few  drops 
of  nitric  acid  to  dissipate  the  organic  products.  The  clear  liquid 
being  now  placed  in  the  middle  of  a  bit  of  glass,  lines  are  to 
be  drawn  out  from  it  in  different  directions.  To  one  of  theie 
a  particle  of  weak  ammoniacal  water  being  applied,  weak 
nitrate  of  silver  may  then  be  brushed  over  it  with  a  hair  penciL 
By  placing  the  glass,  in  different  lights,  either  over  white  pptf 
or  obliquely  before  the  eye,  the  slightest  change  of  tint  will  be 
perceived.  Ammoniaco-acetate  of  copf>er  should  be  applied  to 
another  filament  of  the  drop,  deut-acetate  of  iron  to  a  third,  weak 
ammoniaco-acetate  of  cobalt  to  a  fourth,  sulphuretted  water  to  a 
fifth,  lime-water  to  a  sixth,  a  drop  of  violet  syrup  to  a  seventh, 
and  two  galvanic  wires  at  the  opposite  edges  of  the  whole* 
Thus  with  one  single  drop  of  solution,  many  exact  experimenli 
may  be  performed. 

But  the  chief,  the  decisive  trial  remains,  which  is  to  fake 
a  little  of  the  dry  matter,  mix  it  with  a  small  pinch  of  diT 
black  flux,  put  it  into  a  narrow  glass  tube  sealed  at  one  esdi 
and  after  cleansing  its  sides  with  a  feather,  urge  its  bottom 
with  a  blow-pipe  till  it  be  distinctly  red-hot  for  a  minute* 
Then  garlic   fumes  will  be  smelt,  and  a  steel-lustred  coating 


*  A  voltaic  hattery,  made  to  act  on  a  little  ancoioai  lolatioo  plaeed  on  a  bit 
nttmllic  aneuc  at  the  nefative  pole,  and  if  thil  wire  be  copper,  it  will  be  wkiteaed  libt 
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if  metallie  arsenic  will  be  seen  in  the  tube  about  one-fourth 
\{  an  inch  above  its  bottom.  Cut  the  tube  across  at  that 
loiot  by  means  of  a  fine  file,  detach  the  scale  of  arsenic  with 
be  point  of  a  penknife  ;  put  a  fragment  of  it  into  the  bottom  of 
small  wine-glass  along  with  a  few  drops  of  ammoniaco-acetate 
f  eopper  and  triturate  them  well  together  for  a  few  minutes 
^ith  a  round-headed  glass  rod.  The  mazarine  blue  colour  will 
ion  be  transmuted  into  a  lively  grass-green^  while  the  metallic 
sale  ^11  vanish.  Thus  we  distinguish  perfectly  between  a 
irticle  of  metallic  arsenic  and  one  of  animalized  charcoal. 
.Dolher  particle  of  the  scale  may  be  placed  between  two  smooth 
id  bright  surfaces  of  copper,  with  a  touch  of  fine  oil;  and 
hilst  they  are  firmly  pressed  together,  exposed  to  a  red-heat. 
tie  tombac  alloy  will  appear  as  a  white  stain.  A  third  particle 
lay  be  placed  on  a  bit  of  heated  metal,-  and  held  a  little  under 
le  nostrils,  when  the  garlic  odour  will  be  recognized.  No 
anfi^r  ean  be  apprehended,  a^  the  fragment  need  not  exceed  the 
mth  of  a  grain. 

1428,  It  is  to  be  observed  that  one  or  two  of  the  precipitation 
»t8  may  be  equivocal  from  admixtures  of  various  substances, 
bus  tincture  of  ginger  gives .  with  the  cupreous  reagent  a 
reen  precipitate; — and  Dr  Ure  was  at  first  led  to  suspect 
"om  that  appearance,  that  an  empirical  tincture,  put  into  his 
aoda  for  examination,  did  contain  arsenic.  But  a  careful  anal- 
sis  satisfied  him  of  its  genuineness.  Tea  covers  arsenic  from 
fie  cupreous  test.  Such  poisoned  tea  becomes  by  its  addition 
f  an  obscure  olive  or  violet  red,  but  yields  scarcely  any  precip- 
ate.  Sulphuretted  hydrogen,  however,  throws  down  a  fine 
ellow  sulphuret  of  arsenic* 

1439.  The  true  way  of  obviating  all  the  sources  of  fallacy,  is 
>  evaporate  carefully  to  dryness,  and  expose  the  residue  to  heat 
1  a  glass  tube.  The  arsenic  sublimes,  and  may  be  afterwards 
perated  on  without  ambiguity.  M.  Orfila  has  gone  into  ample 
etails  on  the  modifications  produced  by  wine,  cofiee,  tea,  broth, 
LC.  OQ  arsenical  tests,  of  which  a  good  tabular  abstract  is  given 
s  Mr  Thomson's  London  Dispensatory.  But  it  is  evident  that 
he  diflferences  in  these  menstrua,  as  also  in  beers,  are  so  great 
s  to  render  precipitations  and  changes  of  colour  by  reagents 
ery  unsatisfactory  witnesses,  in  a  case  of  life  and  death.  Hence 
he  method  of  evaporation  above  described  should  never  be 
leglected.  Should  the  arsenic  be  combined  with  oil,  the  mixture 
ught  to  be  boiled  with  water,  and  the  oil  then  separated  by  the 

*  l>r  Cooper  finds  a  wlntioD  of  cbromate  of  PoUim  to  be  one  of  the  beit  tetU  of  anrnic.  One  drop 
tamod  gveea  b^  tho  foortli  of  a  grain  of  artenie,  hj  two  or  three  dropg  of  Fow1«r*t  tolaiioo  or  any 
her  anonito  of  potana.  The  arieniooi  acid  takes  oxygen  from  the  chroniic,  which  iseooverted  into 
dim  9i  chiooM.  To  oxhibit  the  effect,  take  fire  watch  glasses,  pot  on  one,  two  or  three  drops  of  a 
ataiy  aolntUwof  white  arsen:c ;  on  the  second,  as  much  arsenitc  of  potassa ;  oo  the  third,  rne  fcurth 
'ft  graianf  white  artenie  in  suhttanee;  on  the  fourth,  two  or  three  drops  of  solutioo  of  corrtwiTO  sab- 
■nlei  oa  the  Sfth,  tw*  or  three  drop*  of  a  solution  of  eopper.  Add  to  each  three  or  four  drops  of  a 
IsSm  af  chfD«at«  of  potassa.  In  half  an  hoar  a  bright  clean  grass  green  colour  will  appear  in  nom- 
ns  l«i.S,  OMfanaffeahla  hyanuBooia;  nonber  4  will  instantly  exhibit  an  orange  precipitste ;  and  nam* 
Vis  gf««Bi  wbieh  a  drop  of  aauBonia  will  instantly  change  to  bine.  Aner.  Jour,  of  ^citace,  4,  IM. 
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capillary  action  of  wick-lhreadg.  If  with  resinoua  aubstincci, 
these  may  he  removed  by  oil  of  turpentine,  not  by  alcoliol,  [m 
di^'eultd  by  Dr  Black),  which  is  a  ^ood  solvent  of  arsenious  uriiL 
II  may  moreover  be  observed  thai  bgUi  tea  and  coCee  shoulit  be 
freed  from  their  tannin  hy  gelatin,  which  does  not  act  on  Uis 
arsenic  |)revious  to  the  use  of  reagents  for  the  poison.  W'heo 
one  part  of  ar.senious  acid  in  watery  solution  is  added  lo  Un 
piwis  of  milk,  the  sulphuretted  hydrogen  present  ia  the  litter, 
occasions  (he  white  colour  to  pass  into  a  canary  yellow;  the 
cupreous  test  trivesit  a  slight  green  tint,  and  the  nitrate  of  silver 
produces  no  visible  chunge,  though  even  more  arsenic  be  adileil ; 
but  Ihe  hydro-sulphurels  throw  down  a  golden  yellow,  with 
the  aid  of  a  few  drops  of  an  acid.  The  liquid  conlained  id  tha 
stomach  of  a  rabbit  poisoned  with  a  solution  of  3  graios  of 
arsenious  acid,  afforded  a  white  precipitate  with  nitrate  of  silvcT) 
greyish-white  with  lime-water,  green  with  the  ammoniaeo-sol- 
phale,  and  deep  yellow  with  sulphuretted  hydrogen  Wiiar. 
U.  18.* 


Section  XXIV.     Molybdenum. 

1430.  The  sulphuret  is  the  most  common  natural  cotnpoUDd 
ofthismelal.  To  procure  the  metal,  the  native  sulphuret  ii 
powdered  and  exposed  under  a  red  hot  muffle,  till  coDverted 
into  a  grey  powder,  which  is  lo  be  digested  in  ammonii  aad 
the  solulion  filtered  and  evaporated  to  dryness.  The  residuum 
is  dissolved  in  nitric  acid,  re-evaporated  to  dryness,  and  violeat 
ly  heated  with  charcoal. 

1431.  Molybdenum  has  a  whitish  yellow  colour,  but  itsfno- 
lure  is  a  whitish  grey.  It  has  not,  hitherto,  been  obtained  ia 
any  form,  but  that  of  small  brittle  i^rains.  It  is  almost  infusible 
by  any  artificial  heat.  lis  specific  gravity,  according  to  Hielaii 
is  7.4  ;  according  to  Bucholz,  it  is  as  high  as  8.6. 

1432.  Molybdenum  and  Oxygen. — When  exposed  to  heal 
and  oxygen  molybdenum  is  acidified,  a  white  crystalline  subli- 
mate of  mob/bdic  acid  being  formed. 

There  are  two  olhcr  compounds  of  molybdenum  with  oxygea; 
the  one  brownish  black,  obtained  by  heating  molybdic  acid 
with  charcoal;  the  other  blue,  and  procured  by  immersiDg  lio 
in  solution  of  molybdic  acid  ; 

Uip  blacic  oxide  connisls  of  47  M.  +    8  oxygen  (protoxide] 
the  blue  ^moh  bdousacid)  47  M.  +  16  (Deutoxide) 

the  white  (molybdic  acid)  47  M.  -j-  84  (Peroxide  T.) 

•  TbtnadiriinrirndtdrrnrOieriii^UFullU'l  M  Ihii  vAjmaiB  Btnrt't  Eltmtna  ^C3Um»]>i 
Tal.  <l.  p,  Ml,  «>'  oilil.  :  luMmmiy-i  Syltm,  Vol.  iil.  p.  «41,  lib  cdil.  :  u  Dr.  Aulw-fi  l^fr.t 
the  Ei4j..t.Xul.aiirfS»X- •'•"">•'.  Val.T  p  iM:  v,Mr  Htmfi  Eu-y.<a  rl»  n.1  JW  \<i. 
mri.  !  iU  LtUm  Mt*.  tni  Pkft  J»niil.  toU  niLi. :  (o  Or  Jfarcifi  fip  r.ia  tlx  JK>*» 
CHinuj'.-aJ  r.iiuii.-l.sli.  Vol.  >■.:  lo  JHr  Sylifiilfr'j  OiUrsaAom  la  jr^dtttmi't  /-■ruLVol. 
■mil  ,ut  UkVw  MiiinlJ%iUT'^^»t'^  Vol.  ii.  :  lai  V,  IV  rwlTi  Pfa;'aBBMnJtrri^rf 
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Mr  Hatchett,  in  his  Experiments  on  the  native  Molybdates 
of  Lead^  concludes  the  metal  to  be  susceptible  of  four  degrees 
of  oxidizement.* 

The  above  numbers  are  taken  from  the  analyses  of  Bucholz, 
corrected  by  some  experiments  of  my  own  (Brande)  on  the 
molybdic  acid ;  our  results  are  very  nearly  similar. 

1433.  The  oxide,  consisting  of  one  atom  of  metal  and  one 
atom  of  oxygen,  remains  to  be  investigated.  According  to  Dr 
Thomson,  it  may  be  obtained  by  dissolving  molybdic  acid  in 
ammonia,  evaporating  to  dryness,  and  exposing  the  dry  mass, 
covered  with  charcoal  powder,  to  a  white  heat  in  a  covered 
crucible.  The  oxide  will  be  found  at  the  bottom  of  a  crystal- 
lized shape,  and  of  a  copper  brown  colour.  It  is  incapable  of 
forming  salts  with  acids.t 

1434.  To  obtain  molybdic  acidj  the  native  sulphuret  should  it*ifb«t 
be  triturated,  to  reduce  it,  as  far  as  possible  to  powder,  and  dis-  "^ 
tilled  with  three  or  four  parts  of  nitric  acid,  to  dryness.     This 
operation  should  be  repeated,  till  the  ore  is  converted  into  an 
uniform  white  mass,  which  consists  of  molybdic,  nitric,  and 
sulphuric  acids ;  the  two  latter  may  be  expelled  by  a  red  heat, 

in  a  platinum  crucible,  and  the  remaining  molybdic  acid 
repeatedly  washed  with  boiling  water,  in  which  it  is  little  solu- 
ble, will  be  nearly  pure.  It  may  be  rendered  perfectly  pure  by 
solution  in  ammonia,  precipitation  by  nitric  acid,  and  exposure 
to  heat 

1435.  The  molybdic  acid,  thus  procured,  is  a  white  powder,  propertiei. 
of  the  specific  gravity  of  3,46,  and  requiring  960  parts  of  boiling 
water  for  its  solution,  which  is  yellow,  reddens  litmus,  but  has 

no  sour  taste.  Heated  to  redness  in  an  open  vessel,  it  slowly 
sublimes,  and  condenses  in  brilliant  yellowish  scales.  It  dis- 
solves in  hot  sulphuric  acid,  forming  a  solution  which  is  colour- 
less while  hot,  but  on  cooling  acquires  a  blue  colour,  which  is 
heightened  by  the  addition  of  soda.  Its  muriatic  solution  is 
pale  yellowish  green,  but  becomes  blue  when  saturated  by 
potassa. — Hatchett,  Phil.  Trans.  1796. 

1436.  The  molybdousand  molybdic  acids  unite  with  salifiable 
bases,  and  form  distinct  classes  of  salts.  The  latter  acid  is 
changed  into  the  former,  by  some  of  the  metals  that  power- 
fully attract  oxygen.  Thus  a  solution  of  molybdic  acid,  in 
which  a  small  rod  of  tin  or  zinc  is  immersed,  becomes  blue,  in 
consequence  of  the  partial  disoxygenation  of  the  acid ;  and  on 
the  same  principle  recent  muriate  of  tin  throws  down  from 
molybdate  of  potassa,  a  fine  blue  precipitate.  The  molybdic 
acid  decomposes  the  nitrates  of  silver,  mercury,  and  lead;  and 
the  nitrate  and  muriate  of  baryta.    H.  2.  57. 

1437.  Molybdate  of  Ammonia  is   not  crystallizable,  and  ,^^,^,,3^^ 
when  heated  to  redness  the  ammonia  is  driven  oflf,  and  the  acid 
converted  into  oxide  of  molybdenum. — Bucholz,    Gehlen^s 
Journal f  iv.  616. 
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1.  143S,  Molybdale  of  Potassa  is  formed  by  di^esliag  the  Kid 
in  polassa;  or  by  liealir.^  lo  redness  two  parls  of  niire  with  one 
ofmolybdic  aciil,  and  lixiviating  the  mass.  Thesolution  yield* 
sniiill  rhomboidal  crystals  by  evaporation,  and  affords  it  precip- 
itate of  molybdic  acid,  lo  muriatic,  nitric,  and  sulphuric  acidi. 

14^!).  Molyhdate  of  Soda  is  more  soluble  than  molybdateoT 
pola^»a,  and  furnii-lies  permanent  and  transparent  crystals.  I& 
obtaining  biiliillifRe  salts,  a  deposit  of  a  yellowish  puwder  ensiM^ 
which  is  probably  a  bimolt/bdatf  of  potassa  and  ol  soda. 

1440.  Native  Alolybdate  o/  Lead  occurs  principally  in  crys- 
tals of  different  shades  of  yellow,  .^ccordinp;  lo  Wr  Hutchetl's 
anitlysix*  it  contains  3S  molybdic  acid  -|-  58,4  onide  of  lead  ;  and 
these  numbers  clo'tely  correspond  with  its  theoretical  composi- 
tion, which  should  be  1  proportional  ofmolybdic  acid  =  71  -J-1 
proportional  of  o\ide  of  lead  =  112. 

14-11.  Molybdate  iff  silver,  of  mercury,  of  lead,  and  ofmcktl, 
may  he  procured  by  adding  molybdic  acid  to  the  respective 
nitrates  of  these  melals. 

1442.  Sulphurel  of  Molybdenum  is  a  sectile  compound  of  a 
metallic  lustre,  composed  of  47  M.  -}■  32  S. 

The  native  sulphurel  rarely  occurs  crystallized;  genenlljr 
massive,  and  made  up  ofeasjly  separable  lamins.  It  is  sofiud 
nnciuous  to  the  loucb,  and  in  colour  much  like  lead.  It  is  found 
in  primitive  rocks  j  generally  in  granite,  and  with  quartz. 


Sectiow  XXV.     Chromium. 

1443.  CHROMirM  was  discovered  by  Vauquelin  in  1797.  It 
may  be  obtained  by  intensely  igniting  its  oxide  with  charcoal, 
lis  colour  resembles  that  of  iron,  and  its  specific  gravity  is  5,9. 
It  is  brittle  and  difllcult  of  fusion. 

1444.  Chromiumajid  Oxygtn. — When  chromium  is  expos* 
ed  to  the  action  of  heat  and  air,  it  combines  with  oxygen,  and  a 
green  protoxide  is  obtained.  This  oxide  easily  dissolves  in 
acids. 

1445.  Native  Protoxide  of  Chromium  has  been  found  in 
France,  in  the  department  of  ihc  Rhone,  in  the  form  ofa  green 
incrustation.  It  is  the  colouring  malLcr  of  the  emerald,  and 
exists  in  a  few  other  minerals. 

1446.  When  nitrate  of  chromium  is  decomposed  at  a  red  heal, 
an  insoluble  brown  deuloxide  is  formed.  It  does  not  dissolve 
in  the  acids;  but  when  heated  with  muriatic  acid,  chlorine  a 
evolved,  and  a  muriate  containing  the  proloicide,  is  formed. 

1447.  Peroxide  of  Chromium,  or    Chromic  acid,  is   most 
'  easily  procured  by  the  decomposition  of  the  native  chromatenf 

lead,  which  may  be  effected  by  reducing  it  lo  a  very  fiae  pow- 
der, and  boiling  it  in  a  solution  of  potassa  or  soda.  An  orange- 
coloured  solutioD  of  the  alkaline  chromale  is  thus  formed,  to 
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which  sulpharic  acid  is  to  be  added.  On  evaporation  crystals 
of  chromic  acid  are  formed,  along  with  the  sulphate  of  soda  or 
ofpotassa.  Or  the  acid  may  be  obtained  by  adding  nitrate  of 
baryta  to  the  chromate  of  potassa  and  subsequently  decompos- 
ing the  chromate  of  baryta  which  falls  by  sulphuric  acid. 

Chromate  of  iron,  however,  from  the  great  plenty  in  which  Proce«i  for 
it  is  found,  is  a  much  cheaper  source  of  chromic  acid.  After  °''*'''""^* 
reducing  it  to  fine  powder,  it  is  to  be  mixed  with  half  its 
weight  of  nitrate  of  potassa,  and  heated  strongly  for  an  hour  or 
two  in  a  crucible.  The  mass  is  to  be  repeatedly  digested  with 
water,  and  the  coloured  liquids,  which  are  slightly  alkaline,  satu- 
rated with  nitric  acid,  and  concentrated  by  evaporation,  till  no 
more  crystals  of  nitre  can  be  obtained  from  them.  The  yellow 
liquid  being  now  set  aside  for  a  week  or  two,  deposits  a  copious 
crop  of  yellow  crystals  in  small  needles.  These  arc  to  be  sepa- 
rated, dissolved  in  water,  and  crystallized  over  again.  They 
are  then  sufficiently  pure  chromate  of  potassa.  From  the  solu- 
tion cf(  these  crystals,  or  indeed  from  the  yellow  liquid,  nitrate 
of  mercury  throws  down  a  red  powder,  which  is  chromate  of 
mercury.  When  sufficiently  heated,  this  compound  is  decom- 
posed, and  yields  chromic  acid  or  chromic  oxide,  from  either 
of  which  metallic  chromium  may  be  obtained  by  heating  it  vio- 
lently with  charcoal  in  a  crucible.     H.  2.  58. 

1448.  Chromic  acid  is  of  a  red  colour;  its  taste  is  sour  and  Properties. 
metallic,  and  it  may  be  obtained  from  its  aqueous  solutions  in 
prismatic  crystals,  of  a  ruby  colour.     When  heated  red  hot,  it 
^ives  out  a  portion  of  oxygen,  and  becomes  the  green  protoxide; 

it  imparts  colour  to  the  ruby. 

1449.  Native  Chromate  of  Iron  has  been  found  in  small  chromate  of 
crystalline  grains,  of  an  octoedral  form.     It  commonly  occurs  ''^°' 
massive,  of  a  black  colour,  with  a  slight  metallic  lustre,  and 

hard  enough  to  cut  glass.  It  has  been  found  in  Siberia,  France, 
and  America,  and  has  become  useful  in  the  arts,  as  a  source  of 
some  fine  pigments. 

1450.  Native   Chromate  of  Lead  is  a  very  rare  mineral,  _  of  lead. 
hitherto  only  found  in   the  Uralian  mountains  in  Siberia ;  it 
occurs  in  crystals  of  a  fine  orange  red  colour. 

1451.  The  composition  of  the  oxide  and  acid  of  chromium  Equivalent 
has  not  been  determined  by  direct  experiments ;  but  from  the  ""*"''*'• 
analysis  of  chromates  of  lead  and  baryta,  it  would  appear  that  52 

is  the  equivalent  number  for  chromic  acid.  Now  Berzelius 
assigns  to  the  acid  double  the  quantity  of  oxygen  that  exists  in 
the  oxide,  and  it  is  probable  that  chromic  acid  consists  of  one 
atom  of  metal  -f  3  atoms  of  oxygen.  Deducting  24  from  52,  we 
oblain  28  for  the  atom  of  chromium,  and  28  -f  12  =  40,  for  that 
of  the  protoxide.     H. 

1452.  Chromate  of  Potassa  crystallizes  in  four-sided  slender  ^y,^^^^^^ 
prisms,  terminated  by  dihedral-  summits.    Their  colour  is  an  potuiw. 
intense  lemon  yellow,  with  a  slight  shade  of  orange.     The  col- 
ouring power  of  this  salt  is  so  great  that  I  grain  in  40^000  grains 


BI-CHROMATS    OF    P0TA5SA. 

of  water  forms  a  solution  which  is  perceptibly  yellow,  lis  tasle 
is  cooling,  bitter,  and  very  disagreeable,  remaining  lonf;  in  tlie 
mouth.  One  hundred  parts  of  water  at  60°  dissolve  about  48 
parts,  but  boilinji;  water  dissolves  almost  any  quantity,  ll  it 
insoluble  in  alcohol.  Its  solution  in  water  decomposes  most  oT 
the  metallic  sails;  those  of  lead  of  a  beautiful  yellow  colour, 
now  much  used  as  a  pigment ;  those  of  mercury  of  a  fine  red ; 
copper  and  iron  reddish  brown  ;  silver,  dark  red.  According  10 
Dr  Thomson,  chromate  of  polassa  is  composed  of 

1  atom  of  chromic  acid =52 

1   do.   of  polassa  .  .  .  i =48 

100     H. 

_  1453.  Bi-ehromate  of  Polassa. — When  to  a  solution  of 
these  crystals  in  waler,  such  a  quantity  of  sulphuric  acid  is  added, 
as  to  give  the  liquor  asour  taste,  and  it  is  set  aHidc  for  24  houn, 
small  regular  needles  are  deposited  ;  or  sometimes  rectanguhr 
tables  of  considerable  size,  and  of  a  beautiful  orange  red  colour. 
These  crystals  are  the  bi-chromate  of  polassa.  They  tn 
much  less  soluble  in  water  than  the  chromate  ;  for  100  parUlt 
60°  Fahr.  dissolve  only  about  10  parts.  The  solution  hti  sn 
intense  orange  colour,  and  reddens  vegetable  blues.  This  silt  is 
composed  of 

S  atoms  of  chromic  acid's  104 68,431 

1  atom  of  potussa    .  .  .  =    48 31,579 


152  too.      H.8.  59. 

omntitnor  1454.  The  chromates  of  ammonia,  soda,  lime,  and  magncsii 
ofVmHru'il"  "''^  soluble  and  cryslallizable,  and  of  an  orange  colour.  Tlie 
maitmi^kx.  chromates  of  baryta  and  strontia  are  difficultly  soluble,  and  any 
be  formed  by  adding  chromate  of  potassa  or  soda  to  their  solu- 
ble saline  compounds.  The  other  insoluble  metallic  chromales 
may  be  formed  in  the  same  way,  and  their  colours,  which  are 
various  and  beautiful,  often  enable  us  to  judge  of  the  nature  of 
the  metal  present.  Thus  chromate  of  soda  forms  insoluble  pre- 
cipitates in  solutions  of  silver,  mercury,  lead,  copper,  iron  aad 
uranium  ;  ihe  colours  are  crimson,  red,  orange  or  yellow,  apple- 
green,  brown,  and  yellow,  ll  forms  no  precipitate  in  solulions 
of  nickel,  zinc,  tin,  cobntl,  gold,  or  platinum  ;  whence  perhaps, 
it  may  be  inferred,  that  the  chromates  of  the  latter  metals  aire 
soluble. 

The  chromates  are  decomposed  by  muriatic,  nitric,  and  sul- 
phuric acids.     Muriatic  acid,  heated  with  the  chromates,  evolves 
chlorine,  the  chromic  acid  being  reduced  to  the  state  of  oxide." 
1455.  The  principal  use  to  which  chromium  has  been  applied, 
tftu  is  the  preparaiion  of  the  heauliful  pigment,  chromate  of  lead, 

known  in  commerce  by  the  name  of  chrome  yellow.     It  is  pre- 
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pared  by  mixing  the  solutions  of  chromate  of  potassa  and  nitrate 
3r  aeetate  of  lead.  Nineteen  parts  of  bi-chromate  of  potassa 
decompose  41,5  of  dry  nitrate  of  lead.  The  insoluble  com- 
pouad  consists  of  1  atom  of  chromic  acid-|- 1  atom  of  protoxide 
of  lead.  (Thomson.)  It  appears  probable,  also,  from  the  expe- 
riments of  Lassaigne*  that  chromium  admits  of  being  success- 
fully applied  to  the  arts  of  dyeing  and  calico-printing  ;  and  in 
the  latter  very  striking  effects  have  already  been  produced  on 
the  large  scale.  H.  The  green  oxide  of  chromium  is  occasion- 
ally used  in  porcelain  and  enamel  painting. 


Section  XXVI.     Tungsten. 

1456.  Tungsten,  or  Tungstenum^  signifies  a  heavy  stone, 
and  is  a  name  given  by  the  Swedes  to  a  mineral,  which  Scheele  origin  of  tu 
found  to  contain  a  peculiar  metal,  as  he  supposed  in  the  state  of 
an  acid,  united  with  lime.  The  same  metallic  substance  was 
ftfkerwards  found  by  Don  d*£lbuyarts  united  with  iron  and 
manganese  in  wolfram.t  * 

.1457.  The  metal  is  obtained  by  exposing  a  mixture  of  tungstic 
acid  and  charcoal  to  a  strong  heat  It  is  difficult  of  fusion,  very 
hard,  brittle,  and  of  an  iron  colour.  Its  specific  gravity  is  17,5. 
By  the  action  of  heat  and  air,  tungsten  is  converted  into  an 
oxide  which  is  of  a  yellow  colour.  It  has  been  called  by  some 
Scheeliutn,  by  others  wolframium. 

Wolfram  is  found  in  primitive  countries  generally  accompa-  woifna, 
nying  tin  ores ;  its  colour  is  brownish  black  ;  it  occurs  massive 
and  crystallized,  its  primitive  form  being  a  rectangular  parallel- 
epiped. It  abounds  in  Cornwall.  It  may  be  decomposed  by  decomposi- 
ignition  with  three  times  its  weight  of  nitre;  the  fused  mass, 
digested  in  boiling  water  and  filtered,  furnishes  a  solution,  which 
upon  the  addition  of  muriatic  acid,  gives  a  precipitate  regarded 
by  Scheele  as  tungstic  acid,  but  which  in  fact  is  a  compound  of 
muriatic  and  tungstic  acids  and  potassa.  Dissolve  this  in  boil- 
ing carbonate  of  potassa,  precipitate  by  muriatic  acid,  wash  the 
precipitate,  and  digest  it  in  nitric  acid.  Then  wash  and  dry  it, 
and  it  is  pure  tungstic  acid.:^ 

1458.  Native  Tungstate  of  Lime  is  a  whitish  semi-transpa- 
rent substance,  found  in  England,  Saxony,  Bohemia,  and  Swe-  ^^f"^,',"^ 
den,  and  occurring  crystallized  and  massive.  Its  most  usual 
form  is  the  octo^dron.  It  may  be  decomposed  by  fusion  with 
four  parts  of  carbonate  of  potassa,  the  fused  mass  is  digested 
in  about  twelve  parts  of  boiling  water^  and  filtered.  Nitric  acid 
precipitates  the  peroxide. 
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TUNGSTEN   AND  CHLOIINE. 


TuB^stic 
acid. 


Tungstate  of  lime  was  found  by  Klaproth  to  consist  of  77,75 
acid  -f  22,25  lime ;  "but  Berzelius  states  its  components  to  be 
80,4  acid  +  19,6  base. 

Oxides.     ^     1459.  There  are  two  oxides  of  tungsten^  the  brown,  aqd  the 
yellow  or  tungsiic  acid. 

1460.  The  brown  oxide  is  formed  by  transmitting  hydroji;en 
gas  over  tungstic  acid  in  an  ignited  glass  tube.  It  takes  fire 
when  heated  in  the  air,  and  burns  like  tinder,  passing  into 
tungstic  acid. 

This  oxide  appears  to  be  composed  of  16,564  oxygen  and  100 
metal.*     It  does  not  unite  with  acids  or  bases. 

Tungstic  acid  may  be  obtained  from  wolfram  by  the  fullow- 
ing  process.  The  wolfram,  cleared  from  its  siliceous  gangiic, 
and  pulverised,  is  heated  in  a  mairass  with  five  or  six  times  its 
weight  of  muriatic  acid,  for  half  an  hour.  The  oxides  of  iron 
and  manganese  being  thus  dissolved,  we  obtain  the  tungstic  acid 
under  the  form  of  a  yellow  powder.  After  washing  it  repeat* 
edly  with  water,  it  is  digested  in  an  excess  of  liquid  ammo- 
nia, and  heated,  which  dissolves  it  completely.  The  liquor  ii 
filtered  and  evaporated  to  dryness  in  a  capsule.  The  dry  resi- 
due being  ignited,  the  ammonia  flies  off,  and  pure  tungstic  acid 
remains.  If  the  whole  of  the  wolfram  has  not  been  decomposed, 
it  must  be  subjected  to  muriatic  acid  again.t 

Froperiicf.  1461.  TSingsUc  Acidj  or  Peroxide  of  T^un^^/e/t,  is  taste- 
less and  insoluble  in  water;  its  specific  gravity  is  6.  ^'hea 
violently  heated,  it  becomes  green,  grey,  and  black,  probably 
from  the  loss  of  oxygen.  It  combines  with  several  of  the  metil- 
lic  oxides,  and  was  found  by  Guyton  to  give  considerable  pe^ 
manence  to  vegetable  colours;  hence  it  probably  might  prove 
useful  in  the  art  of  dyeing,  were  it  more  abundantly  procurable. 
The  tungstic  acid  is  composed,  according  to  Bucholz  of  100 
tungsten  and  25  oxygen,^:  or  80  +  ^0  ;  supposing  the  acid  to 
consist  of  an  atom  of  metal  and  3  atoms  of  oxyg^en  this  would 
give  96  for  the  equivalent  of  tungsten,  and  120  for  that  of  tung- 
stic acid.     H. 

chiorije..  1462.   Tungsten  and  Chlorine.     Sir  H.   Davy  found  that 

metallic  tungsten  burns  with  a  deep  red  light  when  heated  in 
chlorine,  and  produces  a  white  substance  which  is  decomposed 
by  the  action  of  water,  into  tungsiic  and  muriatic  acids.  M. 
W6hler§  has  shown  the  existence  of  three  compounds  of  chlorine 
and  tungsten. 

When  metallic  tungsten  is  heated  in  chlorine,  it  takes  fire  and 
burns  into  a  chloride,  with  a  minimum  of  chlorine.  The  com- 
pound appears  sometimes  as  delicate  fine  needles,  of  a  deep  red 
colour  resembling  wctul,  but  more  frequently  as  a  fused  deep- 
red    compact  mass,    with    the    brilliant  fracture   of  cinnabar. 


Composilioo. 
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hen  heated,  it  fuses,  boils,  and  yields  a  red  vapour.  In  water 
gradually  decomposes,  producing  muriatic  acid  and  oxide  of 
igsten.  This  compound  dissolves  in  solution  of  pure  potassa, 
>lving  hydrogen,  forming  chloride  of  potassium,  and  tung- 
t'e  of  potassa.     Similar  effects  take  place  in  ammonia. 

1463.  When  the  black  oxide  is  heated  in  chlorine  in  a  tube, 
nbustion  takes  place,  dense  fumes  are  formed,  which  ulti- 
tely  produce  a  thick  sublimate  of  white  scales,  resembling  in 
>earance  native  boracic  acid  ;  this  is  the  perchloride  of  tung- 
n.  In  the  air  it  gradually  becomes  tungstic  and  muriatic 
ds  :  the  change  is  more  rapid  in  water.  It  is  volatile  at  a 
V  temperature,  without  previously  fusing.  Heated  on  platina 
1  it  is  also  decomposed  into  muriatic  and  tungstic  acid. 

1464.  The  third  compound,  on  the  composition  of  which  no 
(>eriment  has  been  made,  is  generally  formed  at  the  same 
le  with  the  perchloride,  but  in  small  quantity.  It  has  been 
tained  by  heating  the  sulphuret  of  tungsten  in  chlorine, 
lis  is  the  most  beautiful  compound  of  all,  existing  in  long 
nsparent  crystals,  of  a  fine  red  colour  ;  it  readily  fuses,  and  on 
>ling  crystallizes  in  long  needles.  It  is  volatile,  and  instantly 
mges  in  contact  with  the  air  into  tungstic  acid.  Thrown  into 
ter  it  swells  like  caustic  lime,  disengages  heat,  a  slight  noise 
beard,  and  it  is  instantly  changed  into  tungstic  acid.* 

1465.  Berzelius  has  lately  examined  the  iulphuret  o/iung-  suiphynt. 
!7»,  with  the  view  of  determining  the  capacity  of  saturation  of 

It  metal.  He  heated  tQgether  one  part  of  powdered  tungstic 
d,  and  four  of  sulphuret  of  mercury.  The  latter  metal  was 
pelled  and  a  blackish  grey  compound  remained,  not  unlike 
phuret  of  copper.     On  analysis  it  afforded 

Atomi. 

Tungsten 74,891  •  .  .  .  100  .....  1  =  96 

Sulphur 25,109  ....     35,53    .  .  2  =:  34 

100,  130 

3De  hundred  parts  of  the  sulphuret,  calcined  so  as  to  expel 
sulphur  and  oxidize  the  metal,  gave  93,5  of  tungstic  acid ; 
I  as  that  quantity  of  acid  must  contain  74,891  metal,  100 
mid  contain  80,09,  which  agrees  with  the  experiment  of 
cholz.  It  may  be  remarked,  that  the  sulphur  in  the  sulphu- 
18  rather  more  than  double  the  oxygen  in  the  new  oxide 
ained  by  Berzelius,  but  the  difference  is  not  greater  than  may 
accounted  for  by  the  unavoidable  errors  of  the  experiments, 
nsisting  of  two  atoms  of  sulphur  and  one  of  metal,  it  is  in 
t  to  be  considered  ^s  a  bi-sulphurct  of  tungsten.  H.  2.  63. 
$ome  of  the  tungstates  have  been  examined  by  Scheele,  and 
lers  by  Vauquelin  and  Hecht,t  but  their  history  remains  very 
perfect. 

1466.  7\ingstate  of  Ammonia  is  procured  in  crystalline  xm»iut*ior 
les,  of  a  metallic  taste,  by  digesting  the  acid  in  ammonia  or  its  •mMuitL. 

•  M.  WbSlcE.  t  JMrnal  dct  Mia«».  No.  19. 
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carhonalE.  It  contains,  according  to  Vauquelin,  78  oracid,and 
22  ammonia  and  water. 

1467.  Tinigslale  of  Potaasa  is  uncrystallizable  and  deli- 
quescent. The  dcids  occasion  precipltalpn  in  its  solution,  which 
are  triple  compounds  of  lungstic  acid,  potassa.  and  the  acid  used 
as  precipitant.  The  Ni/rolungata/e  o/  Potasaa  is  the  ult 
originally  described  by  Scheele  as  tungstic  acid.  It  dis(olv» 
in  80  parts  of  water,  at  212°,  and  reddens  litmus. 

lies.  Tungstate  of  Soda  crysullizes  in  hexaedral  tables, 
soluble  in  4  of  cold,  and  %  purls  of  boilinF;  water,  and  of  an 
acrid  taste.  Sulphuric,  nitric,  and  muriatic  acids  occasion  pre- 
cipilaten,  as  in  the  tungstate  of  pntas^a. 

1469.  Tungslale  of  Lime,  of  Baryta,  and  of  Slronlia,tn 
insoluble  white  compounds. 

1470.  Tungstate  of  Magnesia  is  obtained  by  boiling  the 
acid  with  magnesia,  filtering,  and  evaporating  ;  it  crystallizes  id 
pearly  scales.  The  acids  produce  precipitates  of  triple  com- 
pounds in  its  solution. 

1471.  Tungstate  of  Manganese,  formed  by  adding  tungstate 
of  potassa  to  muriate  of  manganese,  is  an  insoluble  white  pow- 
der.* Tunt^state  of  Iron  is  also  insoluble:  Tungstate  <tf 
Zinc  and  of  Tin  have  not  been  examined,  nor  have  any  of  the 
remaining  tungslates  been  esamined  in  iheir  pure  state. 

The  remaining  compounds  of  tungsten  have  scarcely  been 
investigated,  and  appear  of  little  interest  or  importance. 


Secti 


:  XXVII.     Columbium. 


««rT.  H72.  This  metal  was  discovered  in  1801,  by  Mr  Hatchett, 

in  a  bl<tck  mineral  in  the  British  museum,  which  had  been  sent 
by  Gov.  Winlhrop  to  Sir  Hans  Sloane,  from  the  vicinity  of 
New-London  in  Connecticut. 

By  alternate  fusion  with  potassa,  and  digestion  in  muriatic 
Dcid,  the  mineral  was  decomposed;  the  acid  combining  with 
oxide  of  iron,  and  the  alkali  with  a  peculiar  metallic  acid,  sepa- 
rable by  the  addition  of  diluted  nitric  acid,  which  threw  down 
a  copious  white  sediment. 

1473.  A  melal  analogous  in  its  properties  to  columbium,  was 
TIZ^"    discovered  by  MrEkeberg,  a  Swedish  chemist,  in  two  diOervnt 

fossils,  called  Tantalile  and  Yttro-tantalite.  To  this  metal  be 
gave  the  name  ot  tantalum. 

1474.  Tantalile  is  chiefly  found  in  ocloedral  crystals,  and  in 
masses  of  a  black  or  grey  colour,  in  Finland.  Its  specific  grav- 
ity is  7.9,  and  it  contains,  according  to  Kkeberg,  SO  oxide  of 
columbium ;  12  oxide  of  iron  ,  8  oxide  of  manganese. 

.I.IIU.  1475.  Yttro-tantalite  is  found  in  Yiterby,  in  Sweden.  It 
contains  about  45  per  cent,  of  oxide  of  columbium.  Its  colour 
is  dark  grey,  its  lustre  shining  and  somewhat  metallic. 
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Dr  Wollaston  examined  these  and  the  original  mineral  in 
the  British  museum^  and  demonstrated  the  identity  of  colum- 
bium  and  tantalum.  As  the  former  name  was  given  to  this 
body  by  its  original  discoyerer,  it  is  here  retained. 

1476.  Columbium  may  be  procured  from  columbite  or  tanta-  ^^^^1^"*' 
lite,  by  the  following  process :  Mix  5  parts  of  the  finely-pow-  Columbian. 
dered  mineral  with  25  of  carbonate  of  potassa,  and  10  of  borax  ; 

fuse  the  mixture,  and  when  cold  di^st  it  in  muriatic  acid  ; 
this  dissolves  every  thing  except  the  oxide  of  columbiumi 
which  remains  in  the  form  of  a  white  powder.*  From  5  grains 
of  columbite,  Dr  Wollaston  obtained 

Oxide  of  colambiuiD  4  graim 
^— ^—  iron  ....  J 
inaogane»e   J 

From  5  grains  of  tantalite  he  procured 

Glide  of  colambium  41  graini 

iron  .  •  •  .  ^ 

■  ■    manguiete   JL 

1477.  Berzelius  is  the  only  person  who  has  obtained  metallic  Beix«iig«*» 
eolumbium.     His  method   consisted  in   introducing  the  oxide,  "•****'*• 
which  had  previously  been  strongly  heated,  into  a  cavity  about 

one  inch  and  a  half  deep,  and  of  the  diameter  of  a  goose-quill, 
artificially  formed  in  a  piece  of  charcoal.  To  this  cavity  a  stop- 
per of  charcoal  was  fitted,  and  the  whole  inclosed  in  a  Hessian 
crucible  was  exposed  to  a  violent  fire  during  an  hour.  H.  2.  66. 
He  describes  it  as  having  the  colour  of  iron,  very  hard  and 
brittle,  and  burning  at  a  red  heat  into  a  whitish  oxide. 

1478.  The  characters  of  white  oxide  of  columbium  are  very  whit«o«id«. 
well  marked.     It  is  nearly  insoluble  in  muriatic,  niiric.  and  sul- 
phuric acids ;  it  is  very  soluble  in  potassa,  and   carbonate  of 
potassa  ;  8  grains  of  the  latter^  fused  with  one  of  the  oxide  ren- 

.  der  it  soluble  in  water.  It  is  much  less  soluble  in  soda,  and  only 
retained  while  hot.  From  the  readiness  with  which  this  oxide 
combines  with  potassa  Mr  Hatchett  called  it  columbic  acid. 

1479.  Columbate  of  Potassa^  as  appears  from  Mr  Hatchett's  Lo'mnb»«of 
experiments,   forms  white  glittering  scales,  like  boracic  acid.  ^' 
Acids  precipitate  the  columbic  acid  from  this  solution. 

1480.  Infusion  of  galls,  added  to  the  solution  of  columbate  of 
potassa  produces  a  very  characteristic  orange-coloured  precipi- 
tate. Neither  ferro-cyanate  of  potassa,  nor  hydrosulphurets, 
occasion  any  change. 

There  is  a  character  very  peculiar  to  the  oxide  of  columbium, 
which  is  its  ready  solubility,  in  tartaric,  citric,  and  oxalic  acids. 
In  all  these  cases  the  newly  precipitated  oxide  must  be  used, 
for  when  dried,  it  becomes  very  intractable. 

1481.  According  to  Berzelius,  100  parts  of  columbium  com- 
bine with  5,485  of  oxygen ;  so  that  the  representative  of  tha 
metal  will  be  144,  and  that  of  the  oxide  144  +  8  =  152, 

•  WoIlmstOB.PAiJ.  Trwt.  1809.  p.  348. 
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Section  XXVIII.     Nickel. 

14S3.  Nickel  is  found  native  ;  combined  with  arsenic  ;  and 
wiih  arsenic  acid.  To  obtain  pure  nickel,  Dr  Thomson  h» 
employed  with  success  the  following  process,  the  outlioe  of 
which  was  sugjrested  to  him  by  Dr  Wollaston.  Reduce  to 
coarse  powder  a  quantity  of  the  brittle  reddish  alloy,  known  in 
commerce  by  the  name  of  spetss,  which  is  chiefly  a  compounil 
of  arsenic  and  nickel ;  pour  upon  ita  quantity  of  dilute  sulphuric 
acid  }  place  the  mixture  in  a  Wedgwood's  evRporatiog  dish,and 
add,  at  intervals,  the  quantity  of  nitric  acid  requisite  to  enable 
the  acid  to  act  upon  the  speiss.  By  this  operation,  a  deep  graos 
green  liquid  is  obtained,  while  a  considerable  quantity  of  arse- 
nious  acid  remains  undissolved.  Decant  the  green  liquid,  and 
evaporate  it  till  it  is  sufficiently  concentrated  to  yield  cr>'stals, 
when  it  is  to  be  set  aside  in  a  cool  place.  A  dcposite  of  beau- 
tiful crystals  of  sulphate  of  nickel  will  be  obtained.  By  con- 
ceniraling  the  liquid  still  farther,  more  crystals  of  sulphateof 
nickel  will  fall ;  but  after  a  certain  lime  the  liquid,  though  iu 
colour  continues  dark  green,  refuses  to  yield  any  more  crystals 
of  the  sulphate.  When  evaporated  still  farther  and  set  aside,  a 
very  abundant  deposits  is  made  of  an  apple-greeu  salt,  which 
adheres  very  firmly  to  the  evaporating  dish,  and  which  is  ■ 
double  salt  consisting  of  sulphate  of  nickel  and  arseniatc  of 
nickel.  Dissolve  this  in  water,  and  pass  a  current  of  sulphuret- 
ted hydrogen  gas  through  it,  as  long  as  any  precipitate  appeanu 
Filler  and  evaporate  again,  when  it  will  still  be  converted  ititoaa 
apple-green  matter.  When  this  is  dissolved  in  water,  the  liquid 
becomes  opaque,  owing  to  the  separation  of  a  quantity  of  arseoi- 
ous  acid.  The  liquid,  being  filtered  and  again  evaporated, 
yields  crystals  of  true  sulphate  of  nickel.  For  greater  secu- 
rity, the  whole  of  the  sulphate  of  nickel,  which  has  been  ob- 
tained, may  be  re-dissolved  aud  crystallized  a  second  time. 

The  pure  sulphate  Is  next  to  be  dissolved  in  water,  and  decom- 
posed by  carbonate  of  soda.  The  carbonate  of  nickel,  when  well 
washed  and  dried,  is  a  light  green-coloured  powder.  To  reduce 
the  metal,  this  carbonate  is  to  be  made  up  into  balls  with  a  lililc 
oil,  which  is  to  be  put  into  a  Hessian  crucible,  and  stirroundt-d 
with  powdered  charcoal.  A  cover  is  to  be  luled  on  the  cruci- 
ble, and  it  Is  to  be  exposed,  for  two  hours,  to  the  stronj^est  heat 
that  can  be  raised  in  a  tnelting  furnace.  By  this  process,  Dr 
Thomson  has  always  obtained  a  button  of  pure  nickel  in  the 
metallic  state.* 

Dr  Clarke,  of  Cambridge,  (Eng.)  has  also  shown  that  the 
crystals  of  nitrate  of  nickel,  when  placed  in  a  cavity  scooped  out 
of  a  piece  of  charcoal,  and  exposed  to  the  oxy-hydrogen  blow- 
pipe, afford  a  bead  of  metallic  nickel.     This,  however,  is  a  pro* 
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cess  obyiously  adapted  to  yield  only  very  minute  quantities  of 
nickeL*     H.  2. 155. 

1483.  Nickel  is  a  white  metal,  which  acts  upon  the  magnetic  pn^^r^,^ 
needle,  and  is  itself  capable  of  becoming  a  magnet.     It  is  diffi- 
cultly fusible,  but  absorbs  oxygen  readily  when  heated  red-hot. 

It  is  naUeable,  and  its  specific  gravity  is  about  8,5. 

1484.  Nickel  appears  to  be  susceptible  of  two  different  states  omUm. 
of  oxidation.    By  long  exposure  to  a  red  heat,  with  free  access 

of  air,  it  is  converted  into  a  dark  brown  oxide,  which  is  still 
magnetic.  In  oxygen  gas  it  bums  vividly,  and  throws  out 
sparks. 

1485.  7%e  protoxide  of  nickel  is  formed  whenever  nickel  is  Protosid*. 
dissolved  in  acids  ;  it  is  of  an  ash-grey  colour,  dissolves  in  acids 

and  forms  green  solutions,  from  which  alkalies  throw  down  an 
apple  ereen  hydrate.  This  oxide,  obtained  by  dissolving  nickel 
in  nitnc  acid,  and  gently  calcining  the  product,  consists  of  ' 

Atom*. 

Nickel  .  .  •  83,34 100  ....  1  s  40 

Oxygen    •  •  16,66  .  •  *  .  .     20  ....  1  s=   8 

100,  120  48 

.  I486.  The  deutoxide  is  obtained  by  the  action  of  chlorine  on  i>cvt«>><ic* 
the  prolozide,  as  pointed  out  by  Thenard ;  a  current  of  chlorine 
gas  beinr  passed  through  water  in  which  the  hydrate  is  suspend- 
ed. It  IS  of  a  brilliant  black  colour,  and  has  many  analogies  with 
peroxide  of  manganese,  like  which  it  gives  off  oxygen  at  a  red 
Jieet  and  evolves  chlorine  from  muriatic  acid.    It  is  constituted  of 


Nickel  .  .  .  71,43 100  ....  1  « 40 

Oxygen    •  .  28,57 40  ....  2  ss  16 

100,  140  56 

1487.  The proioehloride  qfmckelf  obtained  by  evaporating  to  ckioci4e«. 
dryness  a  solution  of  nickel  in  muriatic  acid,  consists  of  • 

Atom* 

Nickel  .  .  .  52,64 lOQ  .  .  •  .  1  ==  40 

Chlorine  .  •  47,36 90  ....  1  ar  36 


100,  190  76 

1488.  The  deuio-chloride  which  sublimes  when  the  forego- 
ing compound  is  heated,  in  light  shining  yellow  crystals,  is 
formed  of 

AtMBf. 

Nickel  .  •  .  35,72 100  ....  1  =  40 

Chlorine  .  .  64,88 180  ....  2  ==  72 


100,  280  72 

All  these  numbers  concur  in  fixing  the  equivalent  number  of 
nickel  at  40.t    Dr  Thomson  from  the  composition  of  the  sul- 

*  Ami.  9t  MMm.  ihr.  p.  1«.  f  LuMifae  m  qvoua  by  Hew/,  S.  170. 
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pliate  of  nickel  makes  the  number  Tor  the  melal  36,  Uydrogea 
being  1." 

HHb  Iodide  of  Nickel  may  be  formed  by  adding  solution  of 
hydrioilaie  of  polnssa  to  sulphate  or  nitrate  of  nickel  ;  it  is  of  i 
greenish  yellow  colour,  and  insoluble. 
^  1490.  The  appropriate  solvents  of  nickel  are  the  nitric  and 
~  Ditro-miirialic  aciila.  The  nitric  solulion  has  a  beautiful  p^ss- 
"  fCreen  colour,  and  on  evaporation  aflbrJs  rhomboidal  u-jslak 
Carbonate  of  polassa  throws  down  an  apple-greeo  precipilite, 
which  assumes  a  dark  ^^rey  colour  when  heated.  The  tied 
alkalies  ocrasion  a  bulky  greenish  white  pi-ccipiiate,  which  is  t 
hydrate  or  hydro-oxide  of  nickel,  composed  of  76  per  ccnL  of 
the  protoxide  and  2-1  water. 

When  pure  ammonia  is  added  to  nitrate  of  nickel  a  precipi- 
tate is  formed,  rt-iemblinK  that  which  is  separated  by  ammo- 
nia from  a  aiiluiion  of  copper,  but  not  of  so  deep  a  hue.  Thii 
colour  changes,  in  an  hour  or  two,  to  an  amethyst  red,  and  to  1 
violet;  which  colours  are  converted  to  apple-green  by  an  acid, 
and  again  I o  blue  and  violet  by  ammonia.  If  the  precipitate 
retain  its  blue  colnur,  the  pi'esencc  of  copper  is  indieated.t 
This  pre'upitate,  which  is  a  hvdrate,  is  re-dissolved  by  so  ex- 
cess of  ammonia;  and  by  this  property  the  uxide  of  nickel  in»g 
be  separated,  in  analyses,  from  those  of  almost  all  other  meUls. 
H.  3.  158. 

l'19I.  Nitrate  of  Nickel  is  a  green  deliquescent  salt,  diffi- 
cultly crystal lizable  in  rhomboids.  The  analyses  of  this  sail  are 
much  al  variance,  but  it  probably  consists  of  I  proportional  of 
each  of  its  components.  The  crystals  contain  3  proporlionali 
of  water.     B. 

1492.  Stilphuret  of  Nickel.  Solutions  of  all  the  salts  of 
nickel  are  decomposed  by  alkaline  hydro-sulphurets,  witli 
which  they  form  black  precipitaies  ;  but  sulphuretted  hydro^a 
has  no  eSect  on  ihem.  Nickel,  may,  however,  be  combined 
directly  with  sulphur  by  fusion,  and  forms  a  grey  compound 
with  a  metallic  lustre. 

The  sulphuret  consists  of 


Nickel    .   .  .  71,43  ...   100  . 

Sulphur     .  .  28,57  ...     40  . 


.     I    : 


100 


140 


56    H.  8.  671. 


1493.  Sulphate  of  Nickel  IS  formed  by  digesting  tlie  oxide 
in  dilute  sulphuric  acid.  A  bright  green  solution  is  formed, 
which  affords  quadrangular  prismatic  crystals,  soluble  in  about  3 
parts  of  water  al  60°,  and  which  effloresce  by  exposure.  Their 
taste  is  sweet  and  astringent.  This  salt  is  also  obtained  by 
heating  common  nickel  in  sulphuric  acid  with  the  occasional 
addition  of  nitric  acid. 

•rimPiietip,  i.SH.  tRicbitr,  uiJV;ck»(.M'i  JbitmI.  n. 
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The  crystallized  sulphate  of  nickel  contains  7  proportionals 
of  water,  1  proportional  of  oxide,  and  1  proportional  of  acid. 

1494.  Sulphate  of  Ammonia  and  Nickel  is  formed  by  eva- 
porating a  mixed  solution  of  ammonia,  and  sulphate  of  nickel ; 
it  forms  four-sided  prismatic  crystals. 

1495.  Sulphate  of  Potaasa  and  Nickel  \s  obtained  by  adding  suiphateof 
potassa  to  sulphate  of  nickel  (not  in  excess,)  filtering  and  evap-  ^*V?**"' 
oratin(|^   It  forms  green  rhomhoidal  crj'stals. 

1496.  Sulphate  of  Nickel  and  Iron  is  formed  by  dissolving 
the  mixed  protoxides  in  sulphuric  acid.  It  is  a  green  eiHores- 
ceot  salt,  in  tabular  crystals. 

1497.  Sulphuretted  hydrogeq  and  hydrosulphuret  of  ammo- 
nia produce  a  black  precipitate  of  hydrosulphuret  ted  oxide  of 
nickel f  when  added  to  the  solution  of  the  metal. 

1498.  Phosphate  of  Nickel  being  nearly  insoluble,  is  pre-  phosphate. 
cipitated,  upon  adding  phosphate  of  soda  to  a  solution  of  nickel. 

It  is  of  a  pale  green  colour. 

1499.  Carbonate  of  Nickel  is  precipitated  in  the  form  of  a  c«rboMte. 
greeo  powder,  when  carbonate  of  potassa  is  added  to  sulphate 

of  nickel.  It  is  probably  a  compound  of  1  proportional  of  each 
of  its  components.* 

1500.  Ferrocyanate  of  potassa  occasions  a  very  characteristic 
pale  grey  precipitate  in  dilute  solutions  of  nickel :  in  concen- 
trated solutions  the  precipitate  is  pale  green. 

1501.  Arseniate  of  potassa,  dropped  into  nitrate  of  nickel 
occasions  the  precipitaUon  of  a  pale  green  arseniate  of  nickel. 

1502.  The  salts  of  nickel  are  distinguished  by  the  fine  green  chipnctemof 
colour  of  their  solutions,  and  by  affording  a  green  precipitate  •'^tboimckd. 
with  ammonia,  soluble  in  excess  of  that  alkali,  when  it  assumes 

a  blue  colour.  The  yellow  green  precipitate  afforded  by  hydri- 
odate  of  potassa  is  very  characteristic  of  nickel  ;  but  the  nicest 
test  of  its  presence  is  the  ferrocyanate  of  potassa,  which  pro- 
duces a  pale  grey  or  greenish  white  precipitate  in  all  the  solu- 
tions of  the  metal. 

1503.  0(  the  j2llof/s  of  Nickel  that  with  iron  forms  the  prin-  aij^vs. 
cipal  metallic  ingredient  in   those  lapideous  mai^ses,  which,  in 
different  countries,  have  fallen  upon  our  globe,  and  which  have 
been  termed  aerolites^  or  meteoric  stones  A 

1504.  In  meteoric  iron  the  proportion  of  nickel  varies  con- 
siderably. In  a  specimen  from  the  arctic  region  Mr  Brande 
found  3,2  per  ccnt.|  In  that  from  Siberia  Mr  Children  found 
nearly  10  per  cent.  The  analysis  may  be  performed  by  solution 
in  nitro-muriatic  acid ;  the  iron  is  thrown  down  by  excess  of 
ammonia  in  the  state  of  peroxide,  of  which  100  grains  indicate 
70  of  metallic  iron  ;  it  is  separated  by  filtration,  washed  and 

*  Boratt  of  Jacket  is  a  pale  |^en  insoluble  compound. 

t  For  an  account  of  metforic  BtoneB.  niaiises  of  iron,  dec.  which  liav^  f  illen  from  the  heavens  d-ftn. 
the  earliest  period  down  to  1819,  sec  Kdin.  Philob.  Jour.  \'ol.  i-  p  i'Jl.— See  alio  CleavulauJ'b  M.\n- 
eralof  jr.  p.  T73. 
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dried,  find  on  eraporating  the  filtrated  liquor  and  heating  iti 
dry  residue  red-hot,  the  oxide  of  nickel  is  obtained,  which 
should  be  re-disaolved  in  nitric  acid  and  precipitated  by  purt 
potassa,  the  mixture  being  boiled  for  a  few  seconds.  100 
grain!!  of  Ihin  oxide  of  nickel  :>re  equal  lo  79  of  metallic  nickel.* 

1505.  Meteoric  iron  has  been  imitaled  by  fusing  iron  wilh 
nickel.  The  alloy  of  ito  iron  with  10  nickel  is  of  a  whitish 
yellow  cast,  and  not  so  niiilleable  as  pure  iron.  The  alUiy  with 
3  per  cent,  of  nickel  is  perfectly  malleable  and  whiter  Uian  iron. 
These  alloys  are  less  disposed  lo  rusl  than  pure  iron,  but  nickel 
alloyed  wiih  sleel  increases  tlie  tendency  lo  rusl.t 

1506.  The  remaining  alloys  nf  nickel  have  been  little  exam- 
ined. Nothing  is  known  of  its  compounds  with  potassium, 
sodium,  manganese,  zinc,  or  tin.  With  copper  it  forms  a  hard 
white  alloy,  which  appears  to  be  the  tvhile  copper  of  the  Chi- 
nese.    Us  other  alloys  hare  not  been  examined. 

1507.  To  delect,  in  a  general  way,  the  presence  of  nickel  In 
'  iron,  Dr  Wollaston  recommends  that  a  small  <iuantily  (whith 
!■  need  not  exceed  jj,  of  a  grain)  should  be  filed  from  the  Speci- 
men, dissolved  in  a  drop  of  nitric  acid ;  and  evaporated  lo  dn- 
ness.  A  drop  or  two  of  pure  liquid  ammonia,  added  (o  (he 
dry  mass  and  gently  warmed,  dissolves  any  nickel  that  may  be 
present.  The  transparent  part  of  the  fluid  is  then  to  be  led,  by 
the  end  of  a  glass  rod,  to  a  small  distance  from  the  precipitated 
oside  of  iron;  and  the  addition  of  a  drop  of  triple  prussiale 
of  potassa  detects  the  presence  of  nickel  by  the  appearance  ofi 
milky  cloud,  which  is  not  discernible  in  (he  solution  of  a  sii 
lar  quantity  of  common  wrought  iron  treated 
manner.     H.  2.  I(i0. 


SfiCTioH  XXIX.     Mercury. 

150R.  Mercury,  or  quicksilver,  is  the  only  one  of  the  mettli 
that  retains  a  fluid  form  at  the  ordinary  temperature  of  the 
atmosphere. 

The  principal  ore  of  this  metal  is  the  sulphuret,  or  nativt 
cinnabar,  from  which  the  mercury  is  separated  by  distiUatioo 
with  quicklime  or  iron  filings. 

1509.  Mercury  isa  brilliant  while  metal,  having  much  ofthc 
colour  of  silver,  whence  the  terms  hydrargyrum,  argcnlum 
eitfurn,  and  quicksilver.  It  has  been  known  from  very  remote 
.  ages.     It  boils  and    becomes  vapour  at  670".     It  also  rises  io 

I  osftmL  ygpQyj.  j jj  gfji^w  poTtions  at  the  common  temperature  of  the 
atmosphere,  particularly  in  a  vacuum. 

•Cfciliinil,  ^Mrttrly  J«rna(.  il.  511. 
t  StodsH  lad  P>nd>;,  ^urlirly  JxiniiL 


VSBCURT  AHD  OXTGEIT*  383 

1510.  When  the  temperature  of  mercury  is  reduced  to  about  FrcMiar. 
39^  or  40^  below  zero  of  Fahrenheit,  it  becomes  solid  (133.) 

and  malleable. 

By  congelation  it  acquires  an  increase  of  specific  gravity ;  and, 
therefore,  unlike  other  metals,  the  congealed  portion  sinks  to 
the  bottom  of  a  fluid  mass  of  mercury.  Its  specific  gravity, 
at  47^  above  0  of  Fahrenheit,  being  13,  545,  it  was  found  in- 
creased by  congelation,  in  an  experiment  of  Mr  Biddle,  to 
15,618,  or  about  one-seventh. 

1511.  Mercury  is  sometimes  adulterated  with  the  alloy  of  AduUfrat^oa, 
lead  and  bismuth,  a  fraud  easily  detected  by  the  want  of  its  due  bowdeucted. 
fluidity,  and  by  its  not  being  perfectly  volatile,  but  leaving  a 
residuum  when  boiled  in  a  platinum  or  iron  spoon.     The  best 
method  of  purifying  mercury  is  to  re-distil  it  in  an  iron  retort.* 

1512.  Mercury  and  Oxygen, — Mercury   is  not   oxidized, 
when  pure,  at  the  ordinary  temperature  of  the  atmosphere ;  but  oudtt. 
preserves  the  lustre  of  its  surface  unchanged  for  a  considerable 
time*     There  are  several  methods,  however,  by  which  it  may 

be  brought  to  combine  with  oxygen. 

1513.  There  are  two  oxides  of  mercury.     The  blacky  or  pro- 
lasrufe,may  be  obtained  by  long  agitation  of  the  metal  in  contact  ^'^^''"^*'' 
with  oxygen,  or  by  washing  the  chloride  qf  mercury  (calomel) 

with  hot  lime-water.  It  is  insipid,  and  insoluble  in  water,  and 
was  called  in  old  pharmacy,  Ethiops  per  seA  In  this,  the 
oxide  is  mixed,  however,  with  much  metallic  mercury. 

I^l4.  The  red  or  peroxide  of  mercury  is  produced  by  expos- 
ing the  metal^  heated  nearly  to  its  boiling  point,  to  the  action  of  ^*^^''^^' 
air.  It  becomes  coated  with  reddish  brown  scales,  spangles, 
ai.d  crystals,  and  is  ultimately  entirely  converted  into  a  red 
shining  mass,  called  in  old  pharmaceutical  w^orks,  precipitate 
per  sCj  or  calcined  mercury.  It  is  the  hydrargyri  oxidum 
rubrum  of  the  present  London  Pharmacopoeia.  It  is  most  ^^^^^^  «'»*"'" 
easily  obtained  by  introducing  into  a  flat-bottomed  matrass,  fi<^. 
120,  about  4  ounces  of  mercury,  and  placing  it  in  a  sand  bath, 
heated  to  the  boiling  point  of  the  metal.  In  about  a  niotith's 
time  nearly  the  whole  is  converted  into  oxide.  Air  is  freely 
admitted  by  the  tube,  while  its  length  prevents  the  escape  uf 
mercurial  vapour,  which  condenses  and  falls  back  into  the  body 
of  the  vessel ;  the  remaining  portion  of  running  mercury  may 
be  driven  off  by  exposing  it  in  a  basin  to  a  heat  just  below 
redness* 

1515.  Peroxide  of  mercury  has  an  acrid  metallic  taste,  and 
is  poisonous;  it  dissolves  very  sparingly  in  water.  When  '''i'^^^' 
heated,  it  acquires  a  black  colour,  but  becomes  again  red  on 
eooling;  at  a  red  heat  it  evolves  oxygen,  and  is  reduced  to  the 
metallic  state.  It  should  be  entirely  volatilized  when  placed 
upon  a  red-hot  iron,  for  it  is  sometimes  adulterated  with  red 
lead. 

*  Foraore  p«rtieiil«r  directioni,  see  Urc's  Dictiooary,  p.  680. 

t  Itis  Um  Hjfdrargyri  0*idum  cinertum  uf  the  U.  9.  Pbarmacopaiii. 
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■  ISIt.  It  is  composed,  according  to  Fourcroy  snd  Theaard, 
of  100  melal  and  6  of  oxygen.  Sir  H.  Davy,  also,  finds  iij 
oxygen  to  be  exactly  double  that  of  ihe protoxide,  whicb,  froDi 
his  experiments,  is  composed  of  190  mercury,  and  7,5  oxv^n, 
while  the  peroxide  consists  of  190  melal  and  15  oxygen.  Henra 
the  protoxide  is  composed  af 

Metciirj 98.K 100 

Oijgen 3,78 3.947 

100  103,941 

And  the  peroxide  of 

Mercurj 1)2.69 100 

Oijgea 7,31 7,894 

100  107,UH 

Mr  Donovan  finds  that  100  parts  of  mercury  take  lo  form 
black  oxide,  4,12  of  oxygen;  and,  to  form  red  oxide,  7,83. 
But  the  two  last  numbers,  not  being  striclly  coincident  with  the 
law  of  multiple  proportions,  one  of  them  must  be  erroneout, 
Admillin^  the  red  oxide  lo  consist  of  7,82,  for  every  100 grains 
of  mercury,  the  black  must  consist  of  100  +  3,91.  It  will, 
perhaps,  be  sufficiently  near  the  Iruth,  if  we  admit,  with  Dr 
Wollaston,  that,  accurdinir  lo  the  oria;inal  determinatioa  of 
Fourcroy  and  Thenard,  conlirmed  by  the  receut  experimenUof 
Sefstrom,*thG  black  oxide  consists  of  100  metal,  united  wiih  4 
of  oxygen,  and  the  red  of  100  mercury  -f  8  oxygen.  The  laller 
number  agrees,  also  with  the  experiments  of  Gutbourt ;  and  the 
oxygen  in  the  protoxide,  though,  from  his  analysis,  il  appeared 
to  amount  to  4i  oxygen  upon  100  mercury;  may  be  safelj 
taken  at  half  thai  in  the  peroxide.  This  would  make  the  atom 
of  mercury  lo  weigh  200,  for  4  :   100  ::  8  :  300. 

Peroxide  of  mercury,  Guibourl  finds,  is  decomposed  by  leng 
conlinucd  exposure  to  light.  It  is  soluble  in  water,  and  com- 
miinicales  to  it  the  property  of  turning  syrup  of  violets  green, 
and  of  being  precipilaled  by  sulpburerted  hydrogen.  With 
ammonia,  Ihe  peroxide  forms  an  ammoniuret  of  mercury,  de- 
composable by  heat.     H.  2.  113. 

1517.  Mercury  unites  easily  with  chlorine,  and  if  heated  ta 
that  gas,  burns  with  a  pale  red  flame.  The  product  is  identical 
with  the  salt,  called  corrosive  suhlimalt.  which  in  ficl  is  a  rhlo- 
ride  of  mercury, and  is  termed  perchloride  or  bi-chloride  la  dis- 
tinguish it  from  Cfy/ofne/.t  another  compound  of  Ihe  same  ele- 
ments in  dificrent  proportions. 

I51S.   Protockloride   of  Mercury. — This    compound,   com- 

!•  monly  termed  calomel,  is  first  mentioned  by  Crolliiis,  enrly  in 

the  seventeenth  century.  The  first  directions  for  its  preparalion 
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Are  given  by  Be^in,  in  the  Tirocinium  Chemtcutn,  published 
in  1(K)8.  He  calls  it  draco  mitigatus.  Several  other  fanciful 
names  have  been  applied  to  it,  such  as  aquila  mitigata^  manna 
meiallorum^  panchymagogum  mineralCf  sublimaium  dulce, 
mercurius  du/cis^  Src. 
The  most  useful  mode  of  preparing  calomel  consists  in  tritu-  „  ^  .  » 

^.  -  X         r  •  Li-        s.  'aL  r  Method  of 

rating  two  parts  of  corrosive  sublimate  with  one  of  mercury,  prcpsnoc 
antil  the  globules  disappear,  and  the  whole  assumes  the  appear-  ^^"^* 
ance  of  an  homogeneous  grey  powder,  which  is  introduced  into 
a  matrass,  placed  in  a  sand  heat,  and  gradually  raised  to  redness. 
The  calomel  sublimes,  mixed  with  a  little  corrosive  sublimate, 
the  greater  part  of  which,  however,  being  more  volatile  than  the 
calomel,  rises  higher  in  the  matrass ;  that  which  adheres  to  the 
calomel  may  be  separated,  by  reducing  the  whole  to  a  fine  pow- 
der, and  washing  in   large  quantities  of  hot  distilled,  water. 
Pure  calomel,  in  the  form  of  a  yellowish  white  insipid  powder,  . 
remains. 

It  was  formerly  the  custom  to  submit  calomel  to  very  nume- 
roos  sublimations,  under  the  idea  of  rendering  it  mild ;  but 
these  often  tended  to  the  production  of  corrosive  sublimate ;  and 
the  calomel  of  the  first  sublimation,  especially  if  a  little  excess 
of  mercury  be  found  in  it,  is  often  more  pure  than  that  afibrded 
by  sabeequent  operations. 

1519.  The  following  are  the  directions  given  in  the  last 
lAmdon  Pharmacopeia: 

*'  Take  of  oxymuriate  of  mercury,  1  lb. 
— —  purified  mercury,  6y  weighty  9  oz. 
Rub  them  together,  until  the  metallic  globules  disappear;  then 
sublime  :  take  out  the  sublimed  mass,  reduce  it  to  powder,  and 
sublime  it  in  the  same  manner  twice  more  successively.  Last- 
ly, bring  it  to  the  state  of  a  very  fine  powder;  throw  this  into 
a  large  vessel,  full  of  water ;  then  stir  it,  and,  after  a  short  in- 
tervid,  pour  the  supernatant  turbid  solution  into  another  vessel, 
and  set  it  by,  that  the  powder  may  subside.  Lastly,  having 
poured  away  the  water,  dry  the  powder.'** 

1520.  It  will  be  observed,  that  in  these  processes  the  opera- 
tion consists  in  reducing  the  perchloride  to  the  state  of  proto- 
chloride  by  the  addition  of  mercury.  Various  modes  have,  how- 
ever, been  adopted  for  the  direct  formation  of  ealomel :  two  of 
these  may  here  be  noticed,  of  which  the  first  is  in  the  humid  way, 
as  devised  by  Scheele  and  Chenevix.     They  are  given  below.t 

•  PowfiU**  TranaUuion  i^ftkt  LttU^n  Pkmnnme«pmiat  Loaio^  IIU.  p.  14*  aad  99.     Sea  alio  U. 
8.  Pkmrmmttamim.  141. 


f  Form  s  nitrate  of  merenry,  bj  dtMolviaf  m  moch  Bereai^  m  poesible  in  hot  nitric  acid ;  then  dii< 
■•Ive  in  boUtog;  water  a  qoaotitj  of  commoo  salt,  equal  to  half  the  weight  of  the  mercory  u«rd.  and 
render  the  tolotion  teDiibly  tour  bj  muriatic  acid*  and  poor  the  hot  nitrate  of  mercaiy  into  it  Wat h 
and  drj  the  precipitate. 

If  thia  proceaa  be  carefollj  performed,  and  the  precipitate  thoroiiphlj  edulcorated,  the  calomel  it 
•oficientlj  pore. 

The  second  procnm.  howcrer,  or  that  bj  whieh  calomel  if  direetlj  formed  in  the  dry  waj«  appear** 
•a  the  whotef  thn  leaat  eiccptiooahla  for  tha  piodoctioa  of  this  rerr  important  article  of  pharmacj  ; 
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1521.  Proto chloride  of  mercury  is  usually  seen  m  the  fora 
of  a  white  mass,  of  a  cryslalliiie  texture,  and  when  very  slowly 
sublimed,  il  often  presenW  regular  four-sided  prisms,  perfectly 
transpareni  and  colaurtess.  lis  specific  gravity  is  7,2.  It  is 
tasteless  and  very  nearly  insoluble  in  water.  It  can  scarcely  be 
called  poisonous,  since  in  considerable  doses  it  only  proves 
purgative.  By  exposure  lo  light  il  becomes  brown  upon  iti 
siirfuce.  If  scratched,  it  gives  a  yellow  streak,  which  is  very 
characteristic,  anJ  doe^  not  belon<;  lo  the  perchloride.  Wheo 
very  finely  levigated  il  becomes  of  a  buff  colour. 

It  consists  of  1  proportional  of  mercury  200  +  1  proportional 
of  chlorine  36',  and  its  represeoLalive  number  is  236. 


Or,  Mercury 85 

Chlorine 15  . 


,  100  . 


,  568,3 
100.* 


1522.  When  a  very  small  quantity  of  calomel  (aboot  10 
grains]  is  well  triturated  with  a  little  water,  and  then  with  i 
considerable  quantity  of  liquid  polassa,  poured  on  it  at  once,  an 
intensely  black  precipitate  is  obtained,  which,  when  dried  at  a 
gentle  heal,  and  rubbed  in  a  mortar,  affords  about  one-fourth  ita 
weight  of  revived  mercury.  The  remainder  is  the  proloxide 
already  described.     H.  2.  115. 

1533,  Perchloride  of  Mercury — Bichloride,  or  corroaive 
sublimate,  may  be  obtained  by  a  variety  of  processes. 

When  mercury  is  heated  in  chlorine,  il  burns  with  a  pate 
flame  ;  the  gas  is  absorbed,  and  a  white  volatile  subslaoce  riSM, 
which  is  the  perchloride. 

It  may  also  be  obtained  by  dissolving  peroxide  of  mercury  ia 
muriatic  acid,  evaporating  to  dryness,  re-dissolving  in  water, 
and  crystallizing. 

1524.  The  ordinary  process  for  making  corrosive  sublimate 
consists  in  exposing  a  mixture  of  chloride  of  sodium  (compion 
salt)  and  phosphate  of  mercury,  to  heat  in  n  flask,  or  other 
proper  subliming  vessel ;  a  mutual  decomposition  ensues.  Tha 
chlorine  of  the  common  salt  unites  to  the  mercury  of  the 
sulphate,  and  forms  bi-chloride  of  mercury.  The  osygcn  of 
the  oxjde  of  mercury  converts  the  sodium  of  the  salt  into 
soda,  which,    with  the  Sulphuric   acid,  produces   sulphate  of 
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sodt.    This  decomposition  is  exhibited  by  the  following  dia- 
gram : 

t        1  proportiomJ  of  perehloride  of  meremy  =  773. 


Chlorine  72 


Mercnrj  300 


( 


Salpharic 
acid 


•ic  \ 

.  .  80         ) 


Soaiam  48 


Oxygen  16 


1  proportional  of 
persafpbate    of 
mercurjrss  39t 
coomtsof 


S  proportionals  of  ralphnte  di  soda  =  144.* 

1525.  By  the  quantity  of  chlorine  absorbed  by  a  given  ^^  ^.^.^^ 
weight  of  mercury,  we  learn  that  the  perehloride  of  mercury  **"^"  "*" 
eonaists  of  1  proportional  of  mercury  =  200  +  2  proportionals 

of  chloriae  s  72,  consequently  its  representative  number  is 
272. 

1526.  Perehloride  of  mercury  is  usually  seen  in  the  form  of  charwrteri. 
a  perfectly  white  semi-transparent  mass,  exhibiting  the  appear- 
ance of  imperfect  crystallization.     It  is  sometimes  procured  in 
quadrangular  prisms.     Its  taste  is  acrid  and  nauseous,  leaving 

a  pecnUar  metallic  and  astringent  flavour  upon  the  tongue,  it 
dissolves  in  20  parts  of  water  at  60^,  and  in  about  half  its  weight 
at  212^.  It  is  more  soluble  in  alcohol  than  in  water.  When 
heated,  it  readily  sublimes  in  the  form  of  a  dense  white  vapour, 
strongly  affecting  the  nose  and  mouth.  It  dissolves  without 
decomposition  in  muriatic,  nitric,  and  sulphuric  acids :  the  al- 
kalies and  several  of  the  metals  decompose  it.  It  produces,  with 
muriate  of  ammonia,  a  very  soluble  compound ;  hence  a  solu- 
tion of  sal-ammoniac  is  used  with  advantage  in  washing  calomel 
to  free  it  from  corrosive  sublimate. 

1527.  Protochloride  and  perehloride  of  mercury  are  decom- 
posed by  potassa,  soda,  and  lime ;  the  former  affords  blacky 
\kydrargyri  oxidum  cinereum  of  the  London^  (x9U  U.  S. 
Pharmaeopmay)  the  latter  red,  oxide  of  mercury  ;  and  the 
chlorides  of  potassium,  sodium,  and  calcium,   are  produced. 

*  TWMInmnf  are  the  official  direction!  of  the  London  {amd  U.  S.)  PKarmaeopmia,  for  the  pre- 
pnntiwif  oocnMive  foblimate,  there  termed  oxymMriaU  ^f  mercury. 
•«  Take  of  porificd  nercmy.  6y  voigkU  t  Ibi. 

-   '       ralphorie  acid,  hy  tetightt  90  ox. 
-^— —  dried  muriate  of  soda.  4  lbs. 
Boil  tht  atremy  with  the  Milphoric  acid  in  a  glut  resMl,  antil  the  sulphate  of  mercury  is  Ivft  drj. 
Rdb  tbu  when  it  is  cold  with  the  muriate  of  soda  in  an  earthen-ware  mortar ;  then  sublime  it  in  a  glass 
ea-eari>it.  inereasinf  the  heat  gradoally.** — Powell*s  Translation. 

The  qoaatity  of  common  salt  employed  in  this  process  is  obviously  too  laif  e  ;  in  practicp,  however, 
w«  fiad  that  mora  than  the  real  quantity  decomposed,  and  shown  in  the  above  table,  is  required. 

The  foUowinf  is  the  process  employed  at  Apothecaries*  Hall  for  the  formation  of  corrosive  subli- 
■ate :  SOibe  of  mercury  are  boiled  to  dryness  with  70  lbs  of  solphpric  acid.  73  lbs  of  persulphate 
of  saereory  are  tbos  formed,  which  beiog  perfectly  mixed  with  IX  lbs  of  common  salt  and  sublimed. 
yield  ffon  09  to  66  Ibt  of  corrosive  sublimate.    B. 


The  following;  diaji^rams  shew  llie  interchange  of  elements  that 
takes  place  in  the  case  of  addin|£  a.  solution  of  potassa  to  piv> 
tochloride  and  perchloridc  of  mercury.  , 


1  pnpvIlflHl 


1538.  When  solution  of  ammonia  is  poured  upon  calontel] 
protoxide  of  mercury,  and  muriate  of  ammonia,  are  the  rcsul 
but  ammonia,  added  to  a  solution  of  corrosive  suhlimate,  > 
sions  a  white  precipitate  of  a  triple  muriate  oj" amtnonia  i 
mercury,* 

1529.  Muriate  of  ammonia  renders  corrosive  suhlimate  n 
soluble  in  water,  one  part  rendering  five  parls  soluble  in  rather 
less  than  five  of  water.     By  evaporation  a  triple  sail  is  oblained) 
formerly  called  sal  alembrolh.     The  addition  of  potassaor  ai 
throws  down  the  above-mentioned  while  precipitate, 
its  use  in  washing  calomel. 


i  awn 

rather 
lained) 
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1530*  Chlorate  of  Mercury. — Chloric  acid  dissolves  both  chlorate. 
the  oxides  of  mercury;  xhe  protochlorate  has  the  appearance  of 
a  yellowish  granular  powder,  sparingly  soluble  in  hot  water, 
and  of  a  mercurial  taste.     The  perchlorate  forms  white  acicu- 
lar  crystals,  having  the  acrid  fltivour  of  the  perchloride.* 

1531.  Mercury    and   lod'ne    unite    in    two   proportions.  iodi(i<>. 
These  compounds  may   be  procured  either  by  gently  heating 
mercury  with  iodine,  or  by  adding  hydriodic  acid  to  soUittons 

of  mercury.  The  protiodide  is  yeUow,  and  the  periodide  red* 
They  respectively  consist  of  1  proportional  of  mercury  -f-  1  of 
iodine  and  14-^-     l^hey  nre  both  insoluble  in  water.t 

1532.  Mercury  and  Nitric  .^cid. — Nitric  acid   is  rapidly  Nitratei. 
decomposed  by  mercury  ;  nitrous  acid,  and  nitric  oxide  gases 

are  evolved,  and  either  a  protonitrate  or  a  pernitrate  of  mercury 
is  obtained,  according  to  the  mode  in  which  the  solution  is 
performed. 

1533.  Protonitrate  of  Mercury  is  best  obtained  by  dissolv- 
ing the  metal  in  a  cold  and  dilute  acid,  consisting  of  one  part 
of  acid  and  three  of  water ;  the  metal  should  be  added  in  small 
successive  portions  until  the  acid  ceases  to  act  upon  it,  and  care 
should  be  taken  to  keep  the  whole  cold.  This  solution  deposits 
transparent  crystals  which  appear  to  be  modified  octoedra,  and 
which  consist  of  the  protoxide  of  mercury  combined  with  nitric 
acid.  They  are  soluble  without  decomposition  in  cold  water, 
and  the  solution  affords  black  precipitates  of  protoxide  upon  the 
addition  of  the  alkalies. 

1534.  Pernitrate  of  Mercury, — ^When  mercury  is  dissolved 
in  hot  and  concentrated  nitric  acid,  it  becomes  peroxidized,  and 
furnishes  prismatic  crystals  of  the  pernitrate.  Their  solution 
furnishes  yellow  or  red  precipitates  of  the  peroxide  of  mercury, 
upon  the  addition  of  potassa  or  soda,  and  ammonia  forms  a 
white  precipitate  which  is  a  triple  nitrate  of  mercury  and 
ammonia. 

When  the  precautions  in  forming  the  nitrates  above  described 
are  not  attended  to,  the  solution  usually  contains  a  mixture  of 
the  two  nitrates,  and  furnishes  a  precipitate  with  the  alkalies, 
eomposed  of  both  oxides.  The  pernitrate  is  most  certainly 
formed  by  dissolving  the  red  oxide  in  nitric  acid. 

1535.  When  hot  water  is  poured  upon  pernitrate  of  mercury, 
a  yellow  insoluble  powder  separates  from  it,  which  is  a  subper- 
nitrate  f  the  nitrous  tnrpeth  of  old  writers;  and  a  super-perni- 
trate  remains  in  solution.  It  seems  probable  that  the  proto- 
nitrate is  also  capable  of  affording  a  sub  and  super  nitrate,  but 
all  these  compounds  have  hitherto  been  but  imperfectly  inves- 
tigated, and  new  researches  are  wanting  to  establish  their  nature 
and  composition. 

*  VaoqiMlin,  Annal—  d*  Ckimit^  ici. 

t  lodaU  0fJlkrcury.^lQdB,t»  of  poUtm  occasloof  a  precipitate  io  protonitrate  of  mcrcnrv.  but  not 
•  the  pernitrate. 
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If  the  protonitrate  and  pernitrate  be  composed  of  one  pro- 
portional of  each  of  the  oxides  with  one  of  acid  and  with  two 
of  acid,  the  following  will  be  their  component  parts. 
208  protoxide  216  peroxide 

54  nitric  acid  108  nitric  acid 

262  protonitrate  of  M.  324  pemitrate  of  M. 

The  subpemitrate  has  been  analyzed  by  M.  M.  Braamcamp 
and  Oliva^*  and  they  report  its  composition  at 

12  acid 
88  peroxide 

100 
If  its  composition  in  theory  be  admitted  as  2  proportionali  of 
peroxide  =  432  -f- 1  proportional  of  nitric  acid  =  54,  these  dud- 
bers  are  not  much  at  variance  with  the  above  experimeatil 
result,  thus,  88  :  12  :  :  432  :  58. 
Pecomposed  1536.  When  these  nitrates  of  mercury  are  exposed  to  heat 
byheau  gradually  raised  to  dull  redness,  nitric  acid  is  given  off;  and  t 
brilliant  red  substance  remains,  consisting  of  peroxide  of  ]^e^ 
cury  with  a  small  portion  of  adhering  nitrate.  This  is  ased  ia 
pharmacy  as  an  escharotic  and  is  called  in  the  U.  S.  Pbarma* 
copceia  hydrargri  nUrico-oxidumA  ' 
Fiiiminatinr  1537.  Fulminating  Mercxiry . — Mercury  is  the  basis  of  i 
mercurj.  fulminating  compound  discovered  by  the  late  Mr  E.  Howard. 
To  prepare  this  powder,  100  grains  (or  a  greater  proportional 
quantity,  not  exceeding  500,)  are  to  be  dissolved,  with  heat,  in 
a  measured  ounce  and  half  of  nitric  acid.  The  solution  being 
poured  cold  upon  two  measured  ounces  of  alcohol,  previously 
introduced  into  a  convenient  glass  vessel,  a  moderate  heat  is 
to  be  .ipplicd  till  efierv^escence  is  excited.  A  white  fume  then 
begins  to  undulate  on  the  surface  of  the  liquor,  and  the  powder 
will  be  gradually  precipitated  on  the  .cessation  of  action  and  re 
action.  The  precipitate  is  to  be  immediately  collected  on  a  fil- 
ter, well  washed  with  distilled  water,  and  cautioiislv  dried  ini 
heat  not  exceeding  that  of  a  water-bath.  The  immediate  wash- 
ing of  the  powder  is  material,  because  it  is  liable  to  the  reactioi 
of  the  nitric  acid  ;  and  while  any  of  that  acid  adheres  to  it,  it  if 
very  subject  to  be  decomposed  by  the  action  of  light.  Fpob 
100  grains  of  mercury,  about  120  or  130  of  the  powder  aie 
obtained.^  This  powder  has  the  property  of  detonating  loudly 
in  a  gentle  heat,  or  by  light  friction.  Hence  it  has  been  pnh 
posed  as  a  means  of  firing  ordnance.  But  an  accident  described 
by  Professor  Silliman,  as  having  happened  in  his  laboratoiT) 
shows  that  this  fulminating  compound  explodes  from  such  tri- 

♦  TbomtOD,  Vol.  ii.  p.  475;  A  edit. 

fin  the  mBnufactuT'*.  of  this  compound  at  Apolhrciuri««*  Hall,  (Load.)  100  Ibi  of  mermj  tR  ^ 
td  with  48  lbs  of  nitric  a-  id  (sp.  ^r.  1,48)  and  bj  proper  evaponUoB  and  applicmtioBof  a  dvUN^k'*^ 
1  IS  Ib^  of  the  hydrargyr'  nitrico-oxidum  are  obtained.    B. 

t  See  Phil.  Trani.  1800,  p  Hi. 
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.  Joe  cuisesy  as  not  to  be  kept  without  danger,  evea  when  secur- 
F  idfroin  frictioD  or  heat.*  H.  2.  117.  It  is  regarded  as acom- 
[-    pmod  of  mercury  and  cyanic  acid.     See  (1589.)  sdoiMnL 

1538.  Mercury  and  Sulphur. — When  one  part  of  mercury     '^ 
ii triturated  for  some  time  with  three  of  sulphur,  a  black  taste- 
)m  compound  is  obtained,  which  was  called  in  old  pharmacy 

:tihiop»  Mineral;  it  is  the  hydrargyri  sulphuretum  nigrum 

^ff the  n.  S.  Pharmacopoeia,  t 

The  same  substance  is  more  readily  formed  by  pouring  mer- 
lE!|ory  into  melted  sulphur,  the  substances  quickly  combine,  with 
isch  a  rise  of  temperature  as  often  produces  inflammation. 

1539.  There  is  some  di£ScuUy  in  ascertaining  how  far  these 
definite  compounds ;  when,  however,  sulphuretted  hydro- 
is  passed  through  a  dilute  solution  of  nitrate  of  mercury,  a 

sk  powder  is  thrown  down,  which  appears  to  be  a  true  sul- 
f;yhnret,and  which,  according  to  Guibourt,^  consists  of  100  mer- 
'  enry  -{-  8,2  sulphur,  numbers  which  nearly  correspond  to 

1  proportional  mercury  =  200 
^-  1  sulphur    =    16 

Sulphuret  of  mercury  =  216 

1540.  When  the  black  sulphuret  is  heated  red  hot  in  a  flask, 
aponion  of  mercury  evaporates,  and  a  sublimate  of  a  steel  grey 
eokor  is  obtained,  which,  when  reduced  to  a  fine  powder, 
aammiM  a  brilliant  red  colour,  and  is  called  vennillion  or  cin- 
naharm    It  is,  in  fact,  a  bisulphurtt  c(f  mercury ^  and  consists  of 

1  proportional  of  mercury  =  200 

2  sulphur    =    32 

Bisulphuret  of  mercury  =232 

1541.  In  the  manufacture  of  cinnabar  8  parts  of  mercury  are  ef  cioii«b«r- 
laixed  in  an  iron  pot  with  one  of  sulphur,  and  made  to  combine 
by  a  moderate  heat,  and  constant  stirring :  this  compound  is 
thai  transferred  to  a  glass  subliming  vessel,  (on  a  small  scale  a 
Florence  flask  answers  perfectly,}  and  heated  to  redness  in  a 
sand  bath ;  a  quantity  of  mercury  and  of  sulphur  evaporate, 
and  a  sublimate  forms  which  is  removed,  and  rubbed  or  levigat- 
ed into  a  very  fine  powder. 

1542.  Cinnabar  is  not  altered  by  exposure  to  air  or  moisture ; 
when  heated  to  dull  redness  in  an  open  vessel,  the  sulphur 
forms  salphurous  acid,  and  the  mercury  escapes  in  vapour.  It 
is  decomposed  by  distillation  with  fixed  alkalies,  lime,  and 
baryta,  and  by  several  of  the  metals.  When  adulterated  with 
red  lead  it  is  not  entirely  volatile. 

1543.  Cinnabar  may  be  made  in  the  humid  way  by  long  tri- 
taration  of  mercury  and  sulphur  in  solution  of  potassa.§ 

1544.  Native  Cinnabar  is  the  principal  ore  of  mercury ;  it  ^;;|^,, 
occurs  massive  and  crystallized  of  various  colours,  sometimes 

*  Amn.  39m.  L  16S.  f  It  is  no  ioofcr  nsUiocd  ia  th",  Ltndon  Pharmaeipir.is 

X  AMMim  dc  CkmiM,  ft  Pbyv.  Tom.  L       ^  Niabolsoa-f  JmmaL  iv.  fo  n. 
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appearing  sleel  grey,  at  others   bright  red.     Native  niercurf, 
tad  Dative  amalgao)  of  silver  sometimes  accompany  it.* 

1545.  Mercury  and  Sulphuric  .3eid. — When  merany  ii 
boiled  in  its  weight  of  sulphuric  acid,  sulphurous  acid  gu  i« 
evolved,  a  part  of  the  metal  is  oitydized  and  dissolved  and  i 
white  deliquescent  mass  is  oblaitied.  which,  washed  with  cold 
water,  affords  a  very  difficultly  soluble  white  salt,  which  ii 
proto-sulpknte  of  mercury.  It  requires  500  parts  of  water  for 
its  solution  and  crystallizes  in  prisms.  According  to  FourcTDft  , 
it  consists  of 

12  sulphuric  acid 
83  protoxide  of  mercury 
5  water. 

According  to  theory,  it  should  consist  of  one  proportiond «C4 
sulphuric  acid  +  1  of  protoxide,  or 
40  sulphuric  acid 
SOa  protoxide  of  mercury 

£48  sulphate  of  mercury. 
The  alkalies  precipitate  black  oxide  of  mercury  from  this  sail. 

1546.  if  three  parts  of  sulphuric  acid  be  boiled  to  driiiess 
with  one  of  mercury,  a  white  mass  oi persulphate  oX mercury 
is  obtained ;  it  is  more  soluble  than  the  sulphate  and  crystal- 
lizes in  prisms.     According  to  Braamcamp  and  Oliva,  it  is  com- 


dof 


31,8  acid 
63,8  peroxide 


100,0 
It  should  consist,  according  to  theory,  of  1   proportional  of 
peroxide  +  2  proportionals  of  acid. 

1547.  When  hot  water  is  poured  upon  persulphate  of  meN 
cury,  a  yellow  insoluble  subpersulphate  is  formed,  formerly 
called  Turpeth  mineral.X  It  appears  lo  consist  of  1  p^opO^ 
tiooal  of  peroxide  +  1  of  acid,  or 

216  peroxide  of  mercury  ^^H 

40  sulphuric  acid  ^^b 

256  subpersulphate  of  mercury.  ^^H 

A  bipersulphate  remains  In  solution. 

1548.  The  solutions  of  persulphate  of  mercury  furnish  red 
precipitates  with  the  fixed  alkalies,  and  white  with  ammonia, 
the  latter  being  a  triple  sulphate  (tf  ammonia  aiui  mereury. 

•  ff)/fat'^plliU  of  Mirciry  ipprin  Ballo  iiifl  i  shcQ  m  uliillaa  gf  >  br|«iiiil|.hiic 
IVBrj  diluli:  mlaUon  of  pnrtoBLlnW  of  mtrturj  il  owunmi  •  blKk  preoi^l»l«, 

t  Hfd'tiytin^tHlflmJlinm  oliht  LI.  S.  Pbanniurau. 
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1549.  Sulphuretted  hydrogen  produces  a  black  precipitate  in 
solutioDB  of  mercury  when  added  in  excess,  and  which  appears 
to  be  a  sulphuret  of  mercury.* 

1550.  Mercury  and  Phosphoric  Jlcid. — ^When  phosphate  of 
soda  is  added  either  to  nitrate  or  pernitrate  of  mercury,  a  white 
precipitate  is  formed.  There  is  probably  ^ protophoiphate  and 
a  perphosphate.    The  latter  is  soluble  in  excess  of  acid. 

1551.  Mercury  and  Carbonic  ^cid, — Alkaline  carbonates  cubonau^i. 
produce  buff-coloured  precipitates  in  solutions  of  both  oxides  of 
mercury.    These  are  probably  the  proiocarbonate  and  theper- 
tarbonate, 

1552.  Mercury  and  Cyanogen. — Cyanide  of  mercury  may 

be  prepared  by  boiling  in  a  matrass  eight  parts  of  water,  two  cjanide. 
of  finely  powdered  prussian  blue,  and  one  of  peroxide  of  mer- 
cury. When  the  liquid  assumes  a  yellow  colour,  it  is  to  be 
filtered,  and  the  cyanide  of  mercury  is  deposited  in  a  crystal- 
leased  form  on  cooling.t  By  repeated  evaporation  and  cooling, 
all  the  cyanide  that  is  capable  of  crystallizing  will  be  separated, 
mingled  however  with  some  oxide  of  iron.  To  purify  it,  Proust 
recommends  that  it  be  re-dissolved ;  boiled  with  an  excess  of 
oxide  of  mercury ;  and  again  filtered.  The  liquid  retains  an 
excess  of  the  oxide,  which  may  be  saturated  by  adding  hydro- 
cyanic acid,  for  the  oxygen  instantly  passes  to  the  hydrogen  of 
the  acid,  and  the  cyanogen  to  the  mercury.  The  cyanide  may 
now  be  crystallized  again  ;  and,  if  intended  for  the  preparation 
of  cyanogen,  it  must  be  thoroughly  dried,  avoiding  however 
more  heat  than  is  absolutely  necessary.     H.  2.  116. 

1553.  Cyanide  of  mercury  is  decomposed  by  heat,  as  in  the  Df^rompoied 
process  for  obtaining  cyanogen ;  and  if  distilled  with  muriatic  ^^  ^'*^ 
acid,  hydrocyanic  acid  and  chloride  of  mercury  are  formed.     It 

also  is  decomposed  by  hydriodic  acid  and  by  sulphuretted 
hydrogen,  an  iodide  and  a  sulphuret  of  mercury,  and  hydrocyanic 
acid,  being  formed.     The  alkalies  do  not  act  upon  this  cyanide. 

1554.  Cyanide  of  mercury  is  also  formed  by  boiling  peroxide 
of  mercury  in  solution  of  ferrocyanate  of  potassa ;  a  portion  of 
mercury  and  of  peroxide  of  iron  are  at  the  same  time  deposited, 
whence  it  appears  that  the  oxygen  of  the  mercurial  oxide  is 
partly  transferred  to  the  iron,  and  partly  to  the  hydrogen  of  the 
ferrocyanic  acid. 

1555.  Cyanide  of  mercury  boiled  in  water  with  peroxide  of 
mercury  produces  a  compound  which  forms  small  granular  crys- 
tals consisting  of  cyanide  and  oxide  of  mercury  ;  hence  in  mak- 
ing the  cyanide  by  the  above  process,  excess  of  mercurial  oxide 
should  be  avoided.^ 

*  P%i09^wrtt  qfMweurif  may  be  formed  by  heating^  phospbonn  with  oxide  of  nercorjr.    It  it  • 
tcctile  eoUd  of  abiuith  black  colour. 

f  Aecordtog  to  Oaj-Luwac  the  crystals  are  rompoted  of  80  nercory  -^  SO  cyanof  en.    Tbey  pro- 
bably cootatn  1  proporUunal  of  mercury  and  2  of  cynnogrn.    B. 

X  BoraU  ^JVereury,  obtaioed  by  adding  borate  of  soda  to  nitrate  of  mercury,  is  a  yellow  insolu- 
ble povrdor. 
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1556.  tSrseniates  of  Mercury. — Arsenic  aciJ  occasious  a  pale 
yclloiv  precipitate  in  solulion  of  prolonilrale  of  mercury,  audi 
yellowish  white  precipitate  in  solution  of  the  pernitrate.  Arw- 
nioua  acid  produces  while  precipitates  in  both  solutions. 

1557.  Molybdicacid  occasions  a  white  precipitate  in  solution 
of  nitrate  of  mercury, 

1558.  Chromate  of  Mercurj/. — Chrornalc  of  potassa  throws 
down  an  orange-coloured  precipitate  from  the  solutions  of  nitrate 
and  pernitrate  of  mercury. 

1559.  The  soluble  sal'.s  of  mercury  furnish  whitish  precipi- 
tates with  ferrocyanate  of  potassa,  and  black  with  sulphuretted 
hydrogen.  A  plate  of  copper,  immersed  into  their  solutioai, 
occasions  the  separation  of  metallic  mercury. 

The  insoluble  mercurial  salts  are  mostly  entirely  volatilized 
at  a  red  heat ;  if  distilled  with  charcoal,  they  afibrd  metaUJe 
mercury. 

1560.  >fercury  combines  with  most  of  the  other  metals,  ud 
forms  a  class  of  compounds  which  have  been  called  amalgams 
These  are  generally  brittle  or  soft.  One  part  of  pota-ssium  vrilh 
70  of  mercury  produce  a  hard  brittle  compound.  If  merCQlj 
be  added  to  the  liquid  alloy  of  potassium  and  sodium  (938), Ut 
instant  solidification  ensues,  and  heat  enough  to  inAune  tb* 
latter  metal  is  evolved.  The  use  of  an  amalgam  of  unc  and 
mercury  has  already  been  adverted  to  for  the  escilation  of  dec* 
Irical  machines.  The  amalgams  ofgold  and  silver  are  em^doyad 
in  gilding  and  plating. 

An  amalgam  of  2  parts  of  mercury,  1  of  bismuth,  and  1  of 
lead,  is  fluid,  and  when  kept  for  some  time,  deposits  cubic  cr)*- 
tals  of  bismuth. 

Amalgam  of  copper  may  be  made  as  follows :  To  a  hot  solu- 
(  tion  of  sulphate  of  copper,  add  a  little  muriatic  acid,  and  a  (eff 
sticks  of  zinc,  and  boil  the  mixture  for  about  a  minute  :  by  thi) 
mcaus  the  copper  will  be  precipitated  in  a  metallic  state,  and  to 
a  finely  divided  spongy  form :  take  out  the  zinc,  pour  off  the 
liquor,  wash  the  copper  with  hot  water,  and  pour  upon  it  a  littlQ 
dilute  nilralc  of  mercury,  which  will  instantly  cover  every 
particle  of  copper  with  a  coating  of  mercury  :  then  add  mercu- 
ry to  the  amount  of  two  or  three  times  the  weight  of  the  cop- 
per, and  a  slight  trituration  will  combine  them  so  far  that  lUe 
completion  of  the  process  may  be  effected  by  healing  the  mix- 
ture for  a  few  minutes  in  a  crucible.* 

1561.  By  combination  with  mercury,  metals  that  are  not 
easily  oxidized,  acquire  a  facility  of  entering  into  union  with 
oxygen.  Thus  gold  and  silver,  when  combined  with  mercury, 
are  oxidized  by  ignition  in  contact  with  air.  This  fact  furnishes 
a  striking  illustration  of  the  effect  of  overcoming  the  aggrsp- 
tive  affinity  of  bodies  in  promoting  chemical  union.     H. 

1563.  When  mercury  is  negatively  electrized  in  a  solution 
of  ammonia,  or  when  an  amalgam  of  potassium  and  mercury  is 

*  Aikt.-i>  Ihttio^aty,  Ait-  Mtrt^jy.f-  ?; 
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placed  upon  moistened  muriate  of  ammonia,  the  metal  increases 
in  Tolume,  and  becomes  of  the  consistency  of  butter,  an  appear- 
ance which  has  sometimes  been  called  the  metallization  of  am- 
mania.  The  confpound  appears  only  to  contain  ammonia  and 
mercury,  though  its  real  nature  has  not  been  satisfactorily  ascer- 
tmined.  It  has  suggested  some  hypotheses  concerning  the  nature 
of  ammonia  and  the  metals,  which  are  not  worth  recording. 


Section  XXX.     Osmium. 

1563.  Osmium,  and  the  metals  described  in  the  three  follow-  proceMfor 
ing  sections  are  contained  in  the  ore  of  platinum.     This  ore  is  obuining 
digested  in  nitro-muriatic  acid,  by  which  the  greater  portion  is  '^"^ 
dissolved,  and  there  remains  a  black  powder,  which,  when  fused 

with  potassa  and  washed,  furnishes  a  yellow  alkaline  solution 
of  oxide  of  osmium.  Saturate  the  alkali  with  sulphuric  acid, 
pour  the  mixture  into  a  retort,  and  distil.  A  colourless  solu- 
tion of  the  oxide  qf  osmium  passes  into  the  receiver ;  it  has  a 
sweetish  taste  and  a  very  peculiar  smell,  somewhat  like  that  of 
new  bread.  When  mercury  is  shaken  with  this  solution  it  be- 
comes an  amalgam,  which  is  decomposed  by  distillation  and  pure 
osmium  remains. 

1564.  Osmium  has  a  dark  grey  colour,  and  is  not  volatile 
when  heated  in  close  vessels ;  out  heated  in  the  air  it  absorbs 
oxygen^  and  forms  a  volatile  oxide.     It  has  not  been  fused. 

1565.  The  leading  characters  of  osmium  are  its  insolubility  charecten. 
in  the  acids,  its  ready  solubility  in  potassa,  the  facility  with 
which  it  is  oxidized,  the  singular  smell  of  its  oxide,  its  great 
volatility,  and  the  purple  or  blue  colour  produced  in  its  solution 

by  tincture  of  galls.    The  other  compounds  have  scarcely  been 


1566.  M.  Laugier  having  observed  that  nitro-muriatic  acid^ 
which  has  been  employed  to  dissolve  platinum,  emits  a  strong 
odour,  of  osmium,  distilled  the  liquor  and  saturated  the  product 
with  quicklime;  after  which  by  again  distilling  the  liquid,  he 
obtained  a  quantity  of  osmium  sufficient  to  repay  the  trouble  of 
the  process.*     H. 


Section  XXXI.     Iridium. 

1567.  The  black  powder  mentioned  in  the  last  section  con-  Howobuio 
tains  iridium,  which  resists  the  action   of  potassa,   and   con-  ^^' 
aequently  remains  after  the  separation  of  osmium.     A  solution 
of  its  oxide  may  be  procured  by  digesting  it  in  muriatic  acid, 
which  first   becomes  blue,  then  olive-green,  and  lastly,  red. 

"*  Ana.  de  Cbim.  89.  p.  191. 


By  alternate  treatment  with  potassa  and  muriatic  aci<l,  tbe 
whole  of  the  black  powder  will  be  dissolved.  By  evaporating 
the  muriatic  solution  lo  dryness,  dissolving  the  dry  mass  tn 
water,  and  evaporating  a  second  time,  ocloi-'dral  crystals  of  mu- 
riate  of  iridium  are  obtained. 

156S.  Iridium  is  obtained  by  immersing  a  plate  of  zinc  into 
"  a  solution  of  the  muriate,  or  by  violently  heating  the  octoSdxil 
crystals.  It  isofa  whitish  colour,  and  according  to  MrChildreiit' 
who  succeeded  in  fusing  it  by  means  of  his  large  voltaic  appfr 
ratus,  its  specific  gravity  is  above  IS.  lis  most  marked  cmr- 
acter  is  extremely  difficult  solubility  in  the  acids. 

1569.  In  crude  platinum  Dr  Wollaston  discovered  some  Bit 
white  grains  which  resisted  the  action  of  the  acids,  and  which  ba 
ascertained  to  consist  of  a  native  alloy  of  osmium  and  irid- 

1570.  Osmium  and  iridium  were  discovered  by  Mr  Tenniot 
in  1803.  The  name  of  Ihe  former  is  derived  from  the  peculiar 
smell  of  its  ojtide ;  that  of  the  latter,  from  the  variety  of  coloun 
exhibited  by  its  solution.* 


Sectiok  XXXII.     Rhodium. 

1571.  Rhodium  and  Palladium  were  discovered  by  Dr  Wol- 
laston in  ISOS.t  These,  like  the  two  last  described  metil), 
exist  in  the  ore  of  platinum,  from  which  rhodium  may  be 
obtained  by  Ihe  following  process  :  Digest  crude  platinum  ia  i 
small  quantity  of  nitro-muriatic  acid,  filter  the  saturated  solu- 
tion, and  pour  it  into  a  solution  of  sal  ammoniac,  by  vrhich  the 

,  greater  proportion  of  the  platinum  is  precipitated.  Decant  the 
clear  liquor  and  immerse  a  plate  of  zinc,  which  becomes  coated 
with  a  black  powder.  Separate  this  and  digest  it  in  dilute 
nitric  acid,  by  which  a  little  copper  and  lead  are  taken  up. 
Then  wash  and  digest  in  dilute  nitro-muriatic  acid,  lo  whidi 
add  some  common  salt,  evaporate  to  dryness,  and  wash  the  dry 
mass  repeatedly  with  alcohol.  A  deep  red  substance  remain*, 
which,  when  dissolved  in  water,  furnishes  a  black  precipitate 
upon  the  immersion  of  a  plate  of  zinc.  This  strongly  heated 
with  borax,  assumes  a  white  metallic  lustre,  and  is  rhodium. 

1572.  Rhodium  is  very  difficult  of  fusion ;  its  specific  gravily 
is  10, G.  When  an  alloy  of  lead  and  rhodium  is  digested  in 
nitro-muriatic  acid,  it  is  dissolved,  and  by  evaporation  a  red 
compound  is  obtained,  from  which  muriate  of  rhodium  may  be 
separated  by  water,  or  more  perfectly  by  alcohol.  The  rose- 
colour  of  this  compound  suggested  the  name  which  has  been 
applied  to  the  metal. 
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1573.  Berzelius  has  described  three  oxides  of  this  metalj  com-  osid«». 
posed  as  follows : 

Metal.  Oxyfcn. 

Protoxide     100  +     6,71 

Deutoxide 100  -f-  13,42 

Peroxide 100  +  20,13 

1574.  Rhodium   forms  malleable  alloys  with  the  malleable 
metals,  several  of  which  have  been  examined  by  Dr  Wollaston."*^ 

With  steel,  rhodium  forms  an  alloy,  which   probably  would  Aiiojr*. 
be  very  useful  in  the  arts,  were  it  not  for  the  scarcity  of  the 
htter   metal.     1  to  2  per  cent,  of  rhodium  gives  steel  great 
hardness,  and  yet  there  is  sufScient  tenacity  to  prevent  cracking 
either  in  forging  or  hammering.t 


Section  XXXIII.    Palladium, 

1575.  Palladitjm  is  most  easily  obtained  by  the  following  Howobuun 
process.:^     Digest  the  ore  of  platinum  in   nitro-muriatic  acid,  «<i- 
neutralize  the  redundant  acid  by  soda,  throw  down  the  platinum 

by  muriate  of  ammonia,  and  filter.  To  the  filtered  liquor  add 
a  solution  of  cyanide  of  mercury  (1552);  a  yellow  flocculent 
precipitate  is  soon  deposited  which  yields  palladium  on  expo- 
sure to  heat.§ 

1576.  Palladium  is  of  a  dull  white  colour,  malleable  and  due-  Pvop^ititt. 
Iile.     Its  specific  gravity  is  about  11.     It  is  hard.     It  fuses  at 

a  temperature  above  that  required  for  the  fusion  of  gold. 

1577.  Dr  Wollaston  has  ascertained  the  existence  of  native 
palladium  in  the  ore  of  platinum.  It  is  in  small  fibrous 
grains. 

1578.  Muriatic  acid  boiled  upon  palladium  acquires  a  fine  red  Action  of 
colour.     Sulphuric  acid  becomes  blue.     Nitric  acid  readily  dis-  aulJie*. 
solves  it ;  but  its  best  solvent  is  the  nitro-muriatic,  which  forms 

a  fine  red  solution.  The  alkalies  throw  down  an  orange-col- 
oured precipitate  from  these  solutions,  sparingly  soluble  in 
the  alkalies.  Ferrocyanate  of  potassa  gives  an  olive  green  pre- 
cipitate ;  and  sulphuretted  hydrogen,  one  of  a  dark  brown 
colour.    • 

1579.  Berzelius  has  shown  that  100  parts  of  palladium  unite 
With  14,209  parts  of  oxygen.     Hence  the  oxide  consists  of 

Palladium 87,56 

Oxygen 12,44 

100. 
Palladium  readily  combines  with   sulphur.     The  compound  s„i  j,^ ^^^^ 
is  whiter  than  the  separate  metal,  and  is  very  brittle.     It  has 

•  PhU.  Tram.  1804.    Tbonion^f  System,  Volt.  i.  and  ii. 

t  Q^artcfflj  Joaraal.  iz.  S98.  X  Wollastoo,  Phil  Trans.  1805. 

^  Sec  alM  a  pioMubj  Vauquelia  in  Ann.  Pkilos.  Volt.  iv.  and  vi'u 


1  to  be  composed  u 
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28,15 


been  investigated  by  Berzulius,  ai: 
follows : 

Palladium 78,03 

Sulpliur 21,97 

100,  128,15 

1580.  The  eqiiivnlent  number  for  the  metal,  deducible  boili 
from  the  oxide  and  sulphuret  is  56,2.  We  may  therefore  de- 
note the  weight  of  its  atom  by  56,  tliat  of  the  oxide  by  64  ;  and 
of  the  sulphuret  by  72.     H.  2.  149. 


Sectiom  XXXIV.     Silver. 

1581.  SiLVEB  is  found  Dative,  and  in  avariety  of  combination.'. 
Native  Sih-er  has  the  general  characters  of  the  pure  metnl. 

It  occurs  in  masses;  arborescent;  capillary;  and,  sbmelimcs, 
crystallized  in  cubes  and  octoi'dra.  It  is  seldom  pure,  but 
contains  small  portions  of  other  metals,  which  affect  its  col- 
our and  ductility.  It  is  chiefly  found  in  primitive  coun- 
tries. In  Peru  and  Mexico  are  the  richest  known  mines  of 
native  silver. 

1582.  To  obtain  silver  in  a  state  of  purity,  Mr  Donovan 
recommends,  that  240  grains  of  standard  silver  be  dissolved  in 
as  much  pure  nitric  acid  of  specific  gravity  about  1,2,  as  will  be 
barely  necessary  for  solution.  This  is  to  he  filtered,  and  distil- 
led water  allowed  to  run  through  the  filter,  until  the  fluids 
amount  to  two  ounce  measures.  A  bright  plate  of  copper 
weighing  upwards  of  64  grains,  is  to  he  immersed  and  frequently 
agitated  in  it.  When  the  silver  has  entirely  precipitated, 
which  will  very  soon  happen,  the  clear  supernatant  liquor  is  to 
be  poured  off,  and  the  precipitate  to  be  well  washed  with  purw 
water.  The  silver  is  then  to  be  boiled  for  a  few  minutes  in 
liquid  ammonia.  It  is  then  to  be  well  washed  with  water  and 
dried  on  a  filter;  after  which,  if  required,  it  may  be  melted  in 
a  crucible.' 

It  may  also  be  procured  bv  adding  to  the  above  solution  of 
standard  silver  a  solution  of  common  salt ;  collect,  wash,  and  dry 
the  precipitate,  and  fuse  it  with  its  weight  of  carbonate  of 
potassa.     A  button  of  the  pure  metal  is  thus  obtained. 

15SS.  Silver  has  a  pure  white  colour^  and  considerable  briJ. 
liancy.  Its  specific  gravity  is  10,5.  It  is  so  malleable  and 
ductile,  that  it  may  be  extended  into  leaves  not  exceeding  a  ten- 
thousandth  of  an  inch  in  thickness,  and  drawn  Into  wire  finer 
than  a  human  hair. 

15S4.  Silver  melts  at  a  bright  red  heat,  and  when  in  fusion 
appears  extremely  brilliant.     It  resists  the  action  of  air  at  high 
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temperatures  for  a  long  time,  and  does  not  oxidize;  the  tarnish  TtmA. 
of  silver  is  occasioned  by  sulphureous  vapours;  it  takes  place  very 
slowly  upon  the  pure  metal,  but  more  rapidly  upon  the  alloy 
with  copper  used  for  plate,  and  was  found  by  Proust  to  consist 
of  sulphuret  of  silver.     Pure  water  has  no  effect  upon  the  metal ; 
but  if  the  water  contain  vegetable  or  animal  matter,  it  often  sfferit 
slightly  blackens  its  surface  in  consequence  of  the  presence  of  ^* 
sulphur.     If  an  electric  explosion  be  passed  through  fine  silver 
wire,  it  bums  into  a  black  powder,  which  is  an  oxide  of  silver. 
In  the    Voltaic  circle  it  burns  with  a  fine  green  light,  and 
throws  off  abundant  fumes  of  oxide.     Exposed  to  an  intense 
white  heat,  it  boils  and  evaporates.     If  suddenly  cooled,  it 
crystallizes    during    congelation,    often   shooting  out   like  a  ~**'***'^ 
cauliflower,  and  throwing  small  particles  of  the  metal  out  of 
the  crucible. 

1585.  Silver  is  not  unfrequently  obtained  in  considerable 
quantities  from  argentiferous  sulphuret  of  lead,  which  is  redu- 
ced in  the  usual  way  and  then  cupelled  ;  the  oxide  of  lead  thus 
procured  is  afterwards  reduced  by  charcoal. 

Some  of  the  silver  ores,  especially  the  sulphurets,  are  reduced  Amaiguna- 
by  amalgamation.     These  ores,  when  washed  and  ground,  are 
mixed  with  a  portion  of  common  salt  and  roasted ;  it  is  then 
powdered  and  mixed  by  agitation  with  mercury,  and  the  amal- 
gam thus  formed  is  distilled. 

The  old  process  of  eliquation  is  now  scarcely  used  :  it  con-  Eij^^^^i^ 
sisted  in  fusing  alloys  of  copper  and  silver  with  lead  ;  this  triple 
alloy  was  cast  into  round  masses  which  were  set  in  a  proper 
furnace  upon  an  inclined  plane  of  iron  with  a  small  channel 
grooved  out,  and  heated  red-hot,  during  which  the  lead  melted 
out,  and  in  consequence  of  its  attraction  for  silver,  carried  that 
metal  with  it,  the  copper  being  left  behind  in  a  reddish  black 
spongy  mass.* 

1586.  From  some  curious  facts  which  are  stated  by  MrLucas,t 
it  appears  that  silver,  when  melted,  and  exposed  to  a  current  of 
air  or  of  oxygen  gas,  forms  a  temporary  union  with  oxygen, 
which  is  again  given  off  in  the  state  of  gas,  when  the  metal  cools 
spontaneously,  or  is  poured  into  cold  water.  This  property,  it 
has  been  shown  by  Chevillot}  belongs  only  to  pure  silver, 
and  not  to  silver  alloyed  even  with  a  vt5ry  small  proportion 
of  copper.     H.  2.  121. 

1587.  Oxide  of  silver  may  be  obtained  by  adding  lime-water  oxiae. 
to  the  solution  of  nitrate  of  silver,  and  washing  the  precipitate. 

It  is  of  a  dark  olive  colour,  tasteless,  insoluble  in  water,  and 
when  gently  heated,  is  reduced  to  the  metallic  state. 

The  composition  of  oxide  of  silver  has  been  very  variously 
given,  probably  from  the  difficulty  of  obtaining  it  of  similar 
purity.  According  to  Sir  H.  Davy  100  parts  of  silver  unite 
with  7,3  oxygen,  or  according  to  Dr  WoUaston's  scale  7,4.     A 

*  Aikm*iZ>MlMiuiry,  Art.  Silrer.  f  Uancbettcr  Societ)  *•  ^ftiaoiri,  "S.  S.  Vol.  iii. 

t  Aon.  Je  Chun.  «t  Pbji.  liii.  -299. 


DETONATING    StLTEB. 

Iarp;er  proportion  of  oxygen  was  formerly  assigjned  by  Berze- 
iius;  but  he  has  recently  given  the  following  statement. 

Silver 93,12 100, 

Oxygen 6,88 7,3986 

100,  107,3986" 

Taking  the  proportion  of  oxygen  which  combines  with  100 
parts  of  stiver  at  7,3  the  equivalent  number  for  silver  will  be 
110.  No  other  oxide  of  silver  has  been  actually  ascerlaiDed  to 
exist;  though  from  the  experiments  of  Mr  Faraday,  there 
seems  reason  to  believe  that  the  pellicle,  which  forms  spontane- 
ously on  an  ammoniacal  solution  of  oxide  of  silver,  exposed  to 
the  air,  is  a  protoxide  of  that  metal  in  which  the  oxygen  is  lo 
the  silver  as  7,5  to  157,4  t  H.  Dr  Thomson  admiu  it  to  be  • 
distinct  oxide  {sjib-OJ-ide)  and  considers  it  as  constituted  of  IJ 
atom  of  silver -f  1  atom  of  oxygen. f 

1588.  Fulminating  Silver. — Precipitate  nilrate  of  silver  by 
lime-water,  and  thoroughly  edulcorate  and  dry  the  precipitals. 
Let  this  be  afterward  put  into  a  vessel  of  the  purest  liquid  in- 
monia,  in  which  it  may  remain  for  ten  or  twelve  hours.  It  will 
then  assume  the  form  of  a  black  powder,  from  which  the  fluid 
is  to  be  decanted,  and  the  black  substance  lefl  to  dry  ia  the  air. 
This  is  the  celebrated  compound  termed  JulmiTtaling  silver, 
which  detonates  with  the  gentlest  heal,  and  even  with  the 
slightest  friction.  It  may  be  formed,  also,  by  boiling  any  pre- 
cipitated oxide  of  silver,  for  a  few  moments,  in  a  mixed  solution 
of  potassa  and  ammonia.  The  proloiide,  however,  described 
by  Mr  Faraday  docs  not  afford  it.  When  once  prepared,  no 
attempt  must  be  made  to  enclose  it  in  a  bottle,  and  it  must  be 
left  undisturbed  in  the  vessel  in  which  it  was  dried.  Great  cau- 
tion is  necessary  in  the  preparation  of  this  substance  for  ia 
making  experiments  on  it, several  fatal  accidents  have  been  pro- 
duced by  indiscretion  in  its  use.  It  even  explodes,  when  moist, 
on  the  gentlest  friction. §     H.  2.  126. 

1589.  Another  detonating  compound  of  silver,  formed  by  1 
process  similar  to  that  employed  in  making  the  fulminating  mer- 
cury of  Mr  Howard,  has  been  described  by  Descotils.jl  Ilii 
prepared  by  adding  alcohol,  to  a  heated  solution  of  silver,  In 
nitric  acid,  while  the  solution  is  yet  going  on.  Considerable 
effervescence  arises ;  the  liquor  presently  becomes  turbid  ;  and 
a  heavy,  while,  crystalline  powder  falls  down.  This,  w' 
washed  and  dried,  is  the  detonating  silver.  Heat,  a  slight 
blow,  or  long  continued  friction,  cause  it  lo  inflame,  wit' 
brisk  detonation.  Pressure  alone  is  not  sufficient  unless  very 
powerful.  It  detonates  by  the  electric  spark,  and  is  set  on  fire 
with  an  explosion  by  concentrated  sulphuric  acid.     Both  in  the 


tn.  Phil.  Tr»a..i:»f 
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prepantion  of  this  substance,  and  in  experiments  on  its  detona- 
tioDy  much  caution  is  necessary  ;  and  only  very  small  quantities 
should  he  employed.  This  preparation  was  originally  discov- 
ered by  Mr  £!.  Howard.  In  repeating  his  process  Mr  Cruick- 
fhank  dissolved  40  grains  of  silver  in  two  ounces  of  strong  nitric 
acid^  diluted  with  an  equal  weight  of  water.  Then,  by  heating 
the  solution  with  two  ounces  of  alcohol,  he  obtained  60  grains 
of  a   white  powder,  which  detonated  violently.     H.  3.  127. 

The  detonatingsaltsof  silver,  mercury,  (153G)  &c.  have  been  Foiminie 
examined  by  Dr  Liebeg.  In  an  able  series  of  experiments  he  *®'^* 
fbund  that  these  detonating  salts  contained  an  acid  to  which  the 
name  /ulminic  was  first  applied.  Subsequent  experiments  by 
the  same  chemist  in  conjunction  with  M.  Gay-Lussac  have 
shown  that  this  acid  is  the  cyanic,  and  that  it  combines  with  dif- 
ferent bases,  and  thus  forms  as  many  detonating  compounds. 
Bat  n  cannot  be  obtained  from  them  in  an  insulated  stale.* 

159D.  Silver  and  Chlorine. — Chloride  of  Silver. — ^This  chiori4«. 
compound  is  easily  procured  by  adding  a  solution  of  chlorine, 
of  muriatic  acid,  or  of  common  salt,  to  a  solution  of  nitrate  of 
silver :  it  falls  in  the  form  of  a  heavy  insoluble  tasteless  powder, 
of  a  white  colour,  but  which,  by  exposure  to  li^ht,  becomes 
brown,  and  ultimately  black.  When  dry  chloride  of  silver  is 
heated  to  dull  redness  in  a  silver  crucible  it  does  not  lose 
weighti  but  fuses;  and,  on  cooling,  concretes  into  a  grey  semi- 
transparent  substance,  which  has  been  called  horn  silver^  or 
luna  eomea.  If  slowly  cooled,  Proust  has  remarked  that  it  has 
a  tendency  to  octoedral  crystallization.  Heated  to  a  bright  red  or 
white  heat  in  an  open  vessel,  it  volatilizes  in  dense  white  fumes. 

1591.  If  fused  with  twice  its  weight  of  potassa  or  soda,  chlo- 
ride of  silver  is  decomposed,  and  a  globule  of  metallic  silver  is 
obtained.  It  is  also  rapidly  decomposed  by  tin  and  zinc. 
Triturated  with  zinc  filings  and  moistened,  the  heat  produced  is 
so  considerable  as  to  fuse  the  resulting  alloy  of  zinc  and  silver.t 

1598.  Chloride  of  silver  is  very  soluble  in  ammonia,  a  cir- 
cumstance by  which  it  is  usefully  distinguished  from  some  ^^^^jj 
other  chlgrides,  which,  like  it,  are  white,  and  formed  by  pre-  *""'*'*'"" 
cipitation.  We  should  be  cautious  in  applying  heat  to  the  am- 
moniacal  solution,  as  it  sometimes  forms  a  precipitate  of  fulmi- 
nating silver.  The  ammoniacal  solution  furnishes  crystals, 
which,  when  exposed  to  air,  or  put  into  water,  lose  their  trans- 
parency, ammonia  is  evolved,  and  they  crumble  into  chloride 
of  silver.  The  fused  chloride,  exposed  to  ammoniacal  gas, 
absorbs  a  considerable  portion,  which  is  given  oflf  by  heat.  If 
the  dry  chloride  thus  saturated  with  ammonia,  be  thrown  into 
chlorine  the  ammonia  spontaneously  inflames.}  Chloride  of  sil- 
ver is  soluble  in  and  decomposed  by  all  the  liquid  hyposulphites. 

*  S««  jf«».  dt  Chim.  et  Phyt.  Yir.—Thcnard.  TruiU  tU  Chim.  rol.  6,  p    S18  e^it  4.^Bo»t9n 
Jmrnmrnl  ^Pkiloi.  woL  S,  p.  140. 

f  Fanday.  QuaHcrfy  Joumml  ^f  Se'tnee  and  Art$,  tU:.  374 
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1593.  To  know  the  composition  of  chloriile  of  silrer,  109 
grains  of  the  metal  may  be  ilissolved  in  nitric  acid  find  precipi' 
tated  by  a  soluiion  of  common  salt.  The  precipitate  h«Bg 
carefully  washed,  dried,  and  fused,  the  increase  of  wci*;hl  on  iho 
silver  shows  the  quanlity  of  chlorine  which  has  bueo  pained. 
Different  chemists  have  pjircii  diSerenl  stntemenls.  VVcumI 
found  that  100  of  silver  gave  131,4  of  chloride;  Davy.  I:)i,5; 
Bucbolz,  Rose,  Alurcct,  and  Gay-Lussac.  133,3,  and  Mcrz-Aius, 
from  several  experimenls.  considers  132,75  as  the  true  nro- 
duct."  Takiiip:  Sir  H.  Davy's  resuil,  the  composition  of  chlo- 
ride of  silver  is 

Silver 75,5  ....  100 307, G9 

Chlorine    .  .  .  24,5  ....     32,5     .  .  .   100, 

100. 
And  the  equivalent  number  for  silver,  dedncihie  from  thi» 
analysis,  is   110,7,  from  Berzelius's  10!l,9.     It  Mill  |]erhapi>  be 
very  near  the  truth   if   taken   at  110.  a  number  a.ereeins  *•''> 
that  indicated  by  the  composition  of  the  oxide. t     H.  3.  122. 

1594.  Chlorate  of  Silver  is  formed  by  digesting  oxide  of 
silver  in  chloric  acid  :  it  forms  small  rhombic  crystals,  vhich, 
by  the  action  of  chlorine,  are  converted  into  chloride  ofwlrer. 

1595.  Muriatic  acid  has  no  action  upon  a  piece  of  clekn  sil- 
ver, unless  boiled  with  it  for  a  lon^  time,  when  a  slight  crust 
of  chloride  forms  upon  it.  A  beautiful  experiment,  illustrating 
the  influence  of  electricity  on  chemical  action,  consists  in 
attaching  a  slip  of  silver  to  one  of  zinc,  and  putting  the  double 
bar  into  dilute  muriatic  acid;  the  silver  instantly  scqoirai 
crust  of  chloride  in  consequence  of  the  ne,>;ative  energy  im- 
parled to  it  by  the  zinc,  the  latter  metal  l^ing  rapidly  dii- 
solved, 

1596.  Iodide  o/  Silver  is  precipitated  upon  adding  hydriodic 
acid  to  a  solution  of  nitrate  of  silver.  It  is  of  a  greenish  yel- 
low colour,  insoluble  and  decomposed  when  heated  with  potassa. 
It  is  particularly  characterized  by  insolubility  in  ammonia. 

1597.  lodale  o/ Silver  is  precipitated  in  the  form  of  a  white 
powder  by  adding  iodic  acid  or  iodate  of  potassa  to  a  soiutioa 
of  nitrate  of  silver.     It  is  very  soluble  in  ammonia. 

1598.  Nitrate  of  Silver. — Nitric  acid  diluted  with  three 
parts  of  water,  readily  dissolves  silver,  with  the  disengagenteiit 
of  nitric  oxide  gas.  If  the  acid  contain  the  least  portion  of  ma- 
riatic,  the  solution  will  be  turbid,  and  deposit  a  while  powder; 
and  if  the  silver  contain  copper,  it  will  have  a  permaMttt 
greenish  hue;  or  if  gold,  that  metal  will  remain  undissolved  In 
the  form  of  a  black  powder. 

The  solution  should  be  perfectly  clear  and  colourless;  it  is 
caustic,  and  tinges  animal  substances  of  a  deep  yellow,  which, 
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by  exposure  to  light,  becomes  a  deep  purple,  or  black  stain, 
and  is  indelible,  or  peels  off  with  the  cuticle  :  it  consists  of 
reduced  silver.  It  may  be  obtained  in  while  crystals,  in  the 
form  of  four  and  six-sided  tables,  of  a  bitter  and  metallic  taste, 
and  soluble  in  about  their  own  weight  of  water  at  60^.  It 
blackens  when  exposed  to  light,  and  when  thus  acted  upon,  is 
no  longer  perfectly  soluble  in  water,  owing  to  the  separation  of 
a  portion  of  metallic  silver. 

1599.  When  heated  in  a  silver  crucible  it  fuses,  and  if  cast 

into  small  cylinders,  forms  the  lapis  infemalis^  or  lunar  cans-  Ji""*'  ""*" 
lie  of  pharmacy ;  the  argenti  nitraa  of  the  Pharmacopoeia. 
Id  forming  this  preparation,  care  should  be  taken  not  to  over- 
heat the  salt,  and  the  moulds  should  be  warmed.  Exposed  to 
a  red  heat,  the  acid  is  partly  evolved  and  partly  decomposed, 
and  metallic  silver  obtained.* 

1600.  Sulphur,  phosphorus,  charcoal,  hydrogen,  and  several  J^^^'^^^  ^f 
of  the  metals,  decompose  this  nitrate.     A  few  grains  mixed  •uiphur.  dec. 
with  a  little  sulphur,  and  struck  upon  an  anvil  with  a  heavy  Exp. 
hammer,  produce  a  detonation  ;  phosphorus  occasions  a  violent 
explosion  when  about  half  a  grain  of  it  is  placed  upon  a  crystal 

of  the  nitrate,  upon  an  anvil,  and  struck  sharply  with  a  hammer  ; 
and  if  heated  with  charcoal,  it  deflagrates,  and  the  metal  is 
reduced. 

If  a  piece  of  silk  dipped  into  a  solution  of  nitrate  of  silver  be  Eip. 
exposed  while  moist  to  a  current  of  hydrogen  gas,  it  is  first 
blackened,  and  afterwards  becomes  iridescent  from  the  reduction 
of  portions  of  the  ipetal.t 

A  stick  of  clean  phosphorus,  introduced  into  a  solution  of 
nitrate  of  silver,  soon   becomes  beautifully  incrusted  with  the  Exp. 
metal,  which  separates  upon  it  in  arborescent  crystals.     A  plate 
of  copper  occasions  a  brilliant  precipitation  of  silver,  and  the 
copper  is  oxidized  and  dissolved  by  the  acid. 

1601.  The  precipitation  of  silver  by  mercury  is  very  slow, 

and  produces  a  peculiar  symmetrical  arrangement,  called  the  ArborPiana. 
arbor  Dianas.     It  was  first  remarked  by  Lcmery.     To  obtain 
this  crystallization  in  its  most  perfect  state,  the  solution  should 
contain  a  little  mercury,  and  the  mercury  put  into  it  should  be 
alloyed  with  a  little  silver. 

Make  an  amalgam,  without  heat,  of  four  drachms  of  leaf  silver  "^^  "**'** 
with  two  drachms  of  mercury.     Dissolve  the  amalgam  in  four 
ounces  or  a  sufficient  quantity  of  pure  nitric  acid  of  a  moderate 
strength;  dilute  this  solution  in  about  a  pound  and  a  half  of 
distilled  water ;  agitate  the  mixture,  and  preserve  it  for  use  in 


*  Fated  nitrate  of  liWer,  aecordiof  to  Prooet,  if  composed  of 

Silver 64 

Osyfeo      0 

Kitrie  acid 30 


I     .....    70 


100 
This  stAteiaeit.  bowerer,  ceDDot  be  cenect,  ei  it  Mtigni  too  Urge  a  proportion  of  osvfcn  to  the 
»xide,  vis.  S,S  ta  100  fraina  of  uWer. 

t  See  JCrt  Falhame*s  £««ay  en  Coin&iud'en. 
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aglassbotlfc  wiih  a  ground  stopper.  When  this  preparalion  h 
to  be  used,  the  quanlity  of  one  ounce  is  put  into  a  phial,  lod 
the  size  of  a  pea  of  amalgam  of  gold,  or  silver,  as  soft  as  but- 
ter, is  to  be  added  ;  afler  which  the  vessel  must  be  left  at  real. 
Soon  afterwards,  small  glameiUs  appear  to  issue  out  of  the  bull 
of  amalgam,  which  increase  and  shoot  out  branches  in  the  form 
of  shrubs.  U,  703.  According  to  Proust  all  that  is  required 
is'  to  throw  mercury  into  nitrate  of  silver  very  much  diluted. 

1602.  The  alkaline  metallic  oxides  decompose  this  salt  of 
I-  silver:  it  is  also  decomposed  by  muriatic,  sulphuric,  phosphoric, 
and  boracic  acid.  The  protosulphate  of  iron  throws  down  me- 
tallic silver  when  added  to  a  solution  of  the  nitrate  :  protomu- 
riate  of  tin  forms  a  grey  precipitate  consisting  of  peroxid^' 
tin  and  oxide  of  silver. 

1C03.  Ammonia  added  to  solution  of  nitrate  of  silver  i 
sions  a  precipitate  soluble  in  excess  of  the  alkali. 

J604.  Nitrate  of  silver  is  of  much  use,  as  a  test  for  chin 
muriatic  acid,  and  their  compounds.  It  is  employed  for  w^ 
upon  linen  under  the  name  of  mdelible  or  marking  ink,  A 
an  ingredient  in  many  of  the  liquids  which  are  sold  f«r^ 
purpose  of  chan!:;ing  the  colour  of  hair  ;  but,  when  ibus  em- 
■  ployed,  it  should  be  very  much  diluted,  and  used  with  extreme 
caution,  on  account  of  its  corrosive  quality. 

1605.  White  paper,  or  white  leather,  when  stained  with* 
solution  of  nitrate  of  silver,  in  the  proportion  of  ten  parts  of 
water  to  one  of  the  salt,  undergoes  no  chanp;e  in  the  dark  ;  but 
when  exposed  to  the  light  of  day,  it  gradually  acquires  colour, 
and  passes  through  a  succession  of  changes  to  black.  The  com- 
mon sun-beams,  passing  through  red  glass,  have  very  little  elTect 
upon  it;  yellow  and  green  are  more  efficacious;  but  blue  and 
violet  produce  the  most  decidedly  powerful  efl'ects.  Hence  this 
property  furnishes  a  method  of  copying  paintings  on  gla^, 
and  transferring  them  to  leather  or  paper.  The  process  is 
described  by  Mr.  T.  Wedgwood,  in  Nicholson's  Journal,  8  vo. 
iii.  167. 

By  a  similar  process,  ivory  may  he  covered  with  silver.  Let 
a  slip  of  ivory  be  immersed  in  a  dilute  solution  of  pure  nitrate 
of  silver,  till  the  ivory  has  acquired  a  bright  yellow  colour. 
Then  remove  it  into  a  tumbler  filled  with  distilled  water,  and 
expose  it  to  the  direct  light  of  the  sun.  After  two  or  three 
hours'  exposure,  it  will  have  become  black;  but  on  rubbing  it 
a  tittle,  the  surface  will  he  changed  into  a  bright  metallic  one, 
resembling  a  slip  of  pure  silver.  As  the  solution  penetrates 
deep  into  the  ivory,  the  bright  surface,  when  worn  away,  i* 
replaced  by  a  succession  of  others.     H.  2.  124. 

1606.  Nitrite  of  Silver  is  obuined,  according  to  Proust,  by 
long  digestion  of  powdered  silver  in  nitric  acid  already  saturated 
with  the  metal.  It  is  more  soluble  than  the  nitrate,  and  diffi- 
cultly cry  stall  izable.  It  appears  not  improbable  that  this  salt 
may  contain  the  suboxide  noticed  by  Mr  Faraday.  (1587.) 
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1607*  Sulphurei  of  Stiver. — Silver  readily  combines  with  Suipbmt. 
sulphur,  and  produces  a  very  crystallizable  compound,  consid- 
erably more  fusible  than  silver.     It    is  this   which  forms  the 
iamiah  upon  silver  plate.     It  has  been  analyzed  by  Berzelius, 
and  found  to  consist  of 

Silver 87,032 100 

Sulphur 12,968 14,9 


100.  114,9 

* 

1608.  Sulphuretted  hydrogen  and  hydrosulphuret  of  ammonia 
oecasion  a  copious  black  precipitate  of  sulphuret  of  silver  when 
added  to  solutions  of  the  metal ;  a  portion  of  the  silver  is  fre- 
quently at  the  same  time  reduced  to  the  metallic  stale.* 

1609.  Hyposulphite  of  Silver  has  been  examined  by  Mr.  HrpoMi* 
Herschel  in  his  able  paper  on   the  hyposulphurous  acid.t     It  ^**'^°' 
is  formed  by  dropping  a  weak  solution  of  nitrate  of  silver  into 

a  very  dilute  solution  of  hyposulphite  of  soda ;  a  white  cloud 
is  at  first  produced,  which  re-dissolves  on  agitation  ;  on  adding 
more  of  the  precipitant,  the  cloud  re-appears  and  aggregates  into 
a  grey  precipitate,  which  appears  to  consist  of  hyposulphite  of 
silver ;  the  supernatant  liquor  tastes  intensely  sweet,  which  is 
remarkable  considering  the  disgusting  bitterness  both  of  the 
nitrate  and  of  the  hyposulphite,  and  shows,  says  Mr  Herschel, 
'<  bow  little  we  know  of  the  way  in  which  bodies  affect  the  or- 
gans of  taste.  Sweetness  and  bitterness,  like  acidity,  seem  to 
depend  upon  no  particular  principle,  but  to  be  regulated  by  the 
state  of  combination  in  which  the  same  principles  exist  at  dif- 
ferent times.'' 

Hyposulphite  of  silver  is  also  produced  when  chloride  of 
silver  is  dissolved  in  any  of  the  hyposulphites ;  the  solution  is 
intensely  sweet  without  any  metallic  flavour. 

1610.  Hyposulphite  of  Potassa  and  Silver  is  formed  when 
liquid  potassa  is  dropped  into  the  solution  of  chloride  of  silver 
in  hyposulphite  of  soda  ;  it  separates  in  the  form  of  a  copious 
precipitate,  which,  when  washed  and  dried,  is  found  to  consist 
of  small  grey  pearly  scales  :  they  are  difficultly  soluble  in 
water ;  of  a  very  sweet  taste  \  and  heated  before  the  blow-pipe 
afibrd  a  bead  of  silver. 

1611.  Sulphite  cf  Silver  is  obtained  in  crystalline  grains  by  soipbitr. 
digesting  oxide  of  silver  in  sulphurous  acid. 

1619.  Sulphate  of  Silver  is  deposited  when  sulphate  of  soda  suipbatc. 
is  mixed  with  nitrate  of  silver.  It  is  also  formed  by  boiling 
sih'er  In  sulphuric  acid.  It  requires  about  90  parts  of  water  at 
60^  for  its  solution ;  in  boiling  water  it  is  more  soluble  and  is 
deposited,  as  the  solution  cools,  in  small  prismatic  crystals:  it 
is  decomposed  at  a  red  heat.  It  consists  of  1  proportional  of 
oxide  of  silver,  and  1  sulphuric  acid. 

•  Far  UoJitiet,  Jbc  of  AVifrve  SulpbuNt  of  silrer,  tee  Cle»Telaad*»  Miaenlog/. 
t  KAu.  Phil.  JowBtl,  L  M. 
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1G13.  A  compound  acid,  which  may  be  called  nUro-sulphu- 
rie,  consisting  of  one  part  of  nilre  dissolved  in  about  ten  of 
sulphuric  acid,  dissolves  silver  at  a  temperature  below  800^, 
and  the  solulion  admits  of  moderate  dilution  before  sulphite  of 
silver  sepaiates  from  il.  This  acid  scarcely  ads  upon  copper, 
lead,  or  iron,  unless  diluted  with  water;  it  is,  therefore.  u>ieful  in 
separatitig  the  silver  from  old  plated  articles  :  the  precious  metal 
may  afterwards  be  separated  either  iii  the  form  of  chloride,  b^ 
adding  common  salt ;  or  by  dilutinf:  the  acid  and  continuing  the 
immersion  of  the  pieces  of  copper  which  have  lost  their  silver- 
ing, and  which  will  row  dissolve  In  the  diluted  acid  and  occa- 
sion the  precipitation  of  metallic  silver.* 

1614.  Phonphateo/  Silver  is  a  compound  of  some  importance 
from  its  use  in  preparing  chloric  acid.  To  obtain  it,  crystals  of 
nitrate  of  silver  may  be  dissolved  in  pure  water,  and  a  solution 
of  phosphate  of  soda  be  added.  The  neutrality  of  the  nilnta 
of  silver  is  destroyed,  and  thoii;;h  the  phosphate  conlsrni  in 
excess  of  alkali,  the  resulting  liquor  is  acid.     The  precipitate  if 

ofa  yellow  colour.     When  washed  and  drir'    ■'    ■-'■--!•-' 

red  heat  without  any  farther  loss  of  weight. 
ng  to  Berzelius,t  of 


ird,  it   is  fusible  It  I 
It  consists,  accord- 


ing ti 


Phosphoric  acid 17,025  . 

Oxide  of  silver 82,975  . 


.  .  100 
.   .  4S7,38 


100.  n.2.  128. 
1615.      Carbonate  of  Silver  is  precipitated  in  the  form  ofi 
white  insoluble  powder,  by  adding  carbonate  of  potaasa  to  niinte 
of  silver.     It  blackens  by  exposure  to  light.     It  consists  of 
1  proportional  of  carbonic  acid  ....    =    23 
oxide  of  silver    .  .  .    =117.3 

Carbonate  of  silver  =  139.3 
1B16.  Carbonate  of  ammonia  only  throws  down  a  portion  ot 
the  silver  from  llie  nitrate,  and  forms  a  triple  ammonia-eoT' 
bonate  of  silver. % 

1G17.  The  soluble  suits  of  silver  are  recognized  by  furnishlog 
a  white  precipitate  with  muriatic  acid,  which  blackens  by  expo- 
sure to  light,  and  which  is  readily  soluble  in  ammonia,  and  by 
affording  metallic  silver  upon  the  Immersion  of  a  plate  of  cop- 
per.    The  salts  Insoluble  In  water  are  soluble  ia  liquid  ammo- 

•  Kiit,  Pill.  Tr.M.  Im.  f  A""-  *'  <^'"'"-  •'  Phj^  ».  ISJ. 
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Bia,  and  when  heated  on  charcoal  before  the  blow-pipe,  they 
aflbrd  a  globule  of  silver. 

1618.  JiUo]/9  of  Silver. — The  compounds  of  this  metal  with  ^^^^  , 
potaasiumy  sodium,  and  manganese,  have  not  been  examined. 

it  unites  difficultly  with  iron. 

1619.  When  silver  and  steel  are  fused  together,  an  alloy  is 
figniied,  which  appears  perfect  while  in  fusion,  but  globules  of 
silver  exude  from  it  on  cooling,  which  shows  the  weak  attrac- 
lioii  of  the  metals.  At  a  very  high  temperature  the  greater 
part  of  the  silver  evaporates,  but  a  portion  equal  to  about  1  in 
MO  remains,  forming  a  perfect  alloy,  admirably  adapted  to  the 
brmation  of  cutting  instruments.* 

1620.  Silver  readily  combines  with  zinc  and  tin,  forming 
kittle  alloys.  The  alloy  of  silver  with  copper  is  of  the  most 
importance,  as  it  constitutes  plate  and  coin.  By  the  addition 
of  a  small  proportion  of  cop]>cr  to  silver,  the  metal  is  rendered 
harder  and  more  sonorous,  while  its  colour  is  scarcely  impaired. 
With  lead  the  alloy  is  grey  and  brittle,  as  also  with  antimony, 
biamuthf  cobalt,  aad  arsenic. 

1621.  The  standard  silver  of  Great  Britain  consists  of  11/, 
of  pure  silver  and  ^f  copper.  A  pound  troy  therefore  is  com- 
posed of  11  oz  2  dwts  pure  silver,  and  IS  dwts  of  copper,  and 
it  is  coined  into  66  shillings.     B. 

1622.  The  standard  silver  of  the  United  States  consists  of 
of  1485  parts  of  fine  silver  and  179  parts  of  copper.  The  dol- 
lar contains  416  grains  of  standard  silver,  of  which  371 1^  grains 
are  of  pure  silver,  and  44f  grains  of  alloy.  The  Troy  pound 
of  standard  silver  contains  10  oz  14  dwts4T^  grs  of  fine  silver, 
and  1  oz  5  dwts  19^*3  grs  of  alloy;  and  is  coined  into  13|| 
dollars ;  or,  13  oz  of  standard  silver  are  coined  into  15  dollars. 

1623.  Amalgam  of  silver  is  sometimes  employed  £or  plat- 
ing ;  it  is  applied  to  the  surface  of  copper,  and  the  mercury 
being  evaporated  by  heat,  the  remaining  silver  is  burnished. 
The  better  kind  of  plating,  however,  is  performed  by  the  appli- 
cation of  a  plate  of  silver  to  the  surface  of  the  copper,  which  is 
afterwards  beaten  or  drawn  out. 

1624.  A  mixture  of  chloride  of  silver,  chalk,  and  pearlash,  is  dJiJJ"''** 
employed  for  silvering  brass  :  the  metal  is  rendered  very  clean, 

and  the  above  mixture  moistened  with  water  rubbed  upon  its 
surface.  In  this  way  thermometer  scales  and  clock  dials  are 
usually  silvered. 

1625.  The  analysis  of  alloyed  silver  is  a  very  important  pro-  An«iyw«f 
cess,  and  in  continual  practice  by  refiners  and  assayers.     It  may  ^°7«* 
be  performed  in  the  humid  way  by  dissolving  the  alloy  In  nitric 

acid,  precipitating  with  muriatic  acid^  and  either  reducing  the 
chloride  by  potassa  in  the  way  above  described  (1591),  or  esti- 
mating the  quantity  of  silver  which  it  contains.  The  usual 
method,  however,  which  is  employed  at  the  mint,  and  by  the 
refiners,  is  cupellation. 

*  Stodart  «ad  Faraday,  on  the  Alloys  of  St«el.     (^arUrltf  Journal,  \x.—Bo$t.  Jour,  i  130. 
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1626.  Of  the  useful  melals,  there  are  only  thiee  which  are 
capable  of  resisting  the  actian  of  air  at  high  temperatures;  theie 
arc  silver,  gold,  snd  platinum  ;  the  others,  under  the  same  cir- 
cumstanccs,  become  oxidized  ;  it  might,  therefore,  be  supposed, 
r^al  an  alloy,  containing  one  or  more  of  the  former  metals, 
would  suffer  decomposition  by  mere  exposure  to  heat  and  air, 
and  that  the  oxidable  metal  would  burn  away.  This,  however, 
is  not  the  case  ;  for  if  the  proportion  of  the  latter  be  small,  it 
is  protected,  as  it  were,  by  the  former;  or,  in  other  cases,  a 
film  of  oxide  coats  the  fused  globule,  and  prevents  the  further 
aclion  of  the  air.  These  dlAiculties  are  overcome  by  adding  to 
the  alloy  some  highly  oxidable  melal,  the  oxide  of  which  is 
fusible.  Lead  is  the  metal  usually  selected  for  this  purpose, 
though  bismuth  will  also  answer.  Supposing,  therefore,  that 
an  alloy  of  silver  and  copper  is  lo  be  assayed,  or  analyzed  by 
cupcllation:  the  following  is  (he  mode  of  proceeding. 

A  clean  piece  of  the  metal,  weighing  about  30  grains,  is  lami- 
nated, and  accurately  weighed  in  a  vsry  sensible  balance.  Il 
is  then  wrapped  up  in  the  requisite  quantity  of  sheet  lead, (pure 
and  reduced  from  litharge,)  and  placed  upon  a  small  cupel,  or 
shallow  crucible,  ninde  of  bone  earth,  which  has  been  previotu- 
ly  healed.  The  whole  is  then  placed  under  the  nmffie,  healed 
to  bright  redness  ;  the  metals  melt,  and  by  the  aclion  of  tha  air 
which  plays  over  the  hot  surface,  the  lead  and  copper  are  ox- 
idized and  absorbed  by  the  cupel,  and  a  button  of  pure  silver 
ultimately  remains,  the  completion  of  Ihe  process  being  judged 
of  by  the  cessation  of  the  oxidation  and  motion  upon  the  sur- 
face of  the  globule,  and  by  the  very  brilliant  appearance  assum* 
cd  by  Ihe  silver  when  the  oxidation  of  its  alloy  ceases.  The 
button  of  pure  metal  is  then  suffered  to  cool  gradually,  and  its 
loss  of  weight  will  be  equivalent  to  the  weight  of  the  alloy, 
which  has  been  separated  by  oxidation. 

To  perform  this  process  with  accuracy,  many  precautions  are 
requisite,  and  nothing  but  practice   can   teach  these,  so 
enable  the  operator  to  gain  certain  results." 
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1627.  Gold  occurs  in  nature  in  a  metallic  state,  alloyed  wtUi 
a  little  silver  or  copper,  and  in  this  state  is  called  native  goU. 
Its  colour  is  various  shades  of  yellow  ;  its  forms  are  massire, 
ramose,  and  crystallized  in  cubes  and  ocloedra.  Large  quanti- 
ties of  this  melal  are  collected  in  alluvial  soils  and  in  the  bedi 
of  certain  rivers,  more  especially  those  of  the  weal  coast  of 
Africa  and   Peru,  Brazil,  and  Mexico.     It  is  found  in  various 
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parts  of  Europe  and  of  North  America,  especially  in  North 
Carolina.* 

1628.  Gold  may  be  obtained  pure  by  dissolving  standard  Method  of 
gold  in  nilro-muriatic  acid,  evaporating  the  solution  to  dryness,  |.u4'^oiS. 
re-dissolving  the  dry   mass  in  distilled  water,  filtering,  and 
adding  to  it  a  solution  of  protosulphate  of  iron  ;  a  black  powder 
falls,  which,  after  having  been  washed  with  dilute  muriatic  acid 
and  distilled  water,  affords  on  fusion  a  button  of  pure  gold. 

1$89.  Gold  is  of  a  deep  yellow  colour.     It  melts  at  a  bright  cbaract«n. 
red  heat,  and  when  in  fusion  appears  of  a  brilliant  green  colour. 
Its  specific  gravity  varies  a  little  according  to  the  mechanical 
processes  which  it  has  undergone ;  but  it  may  be  stated  on  the 
average  at  19,3. 

■  Gold  is  so  malleable  that  it  may  be  extended  into  leaves 
which  do  not  exceed  TrV^T^b  of  an  inch  in  thickness.  It  is  also 
very  ductile  and  considerably  tenacious  ;  for  a  wire  only  yjfjirths 
of  an  inch  in  diameter  will  sustain  a  weight  of  150  lbs. 

1630.  Gold  may  be  melted  by  a  moderate  red-heat,  viz,  at  PutioDof 
aboat  S8®  of  Wedgwood's  pyrometer.     The  intense  heat  of  a  f****** 
glass-house  furnace  has  no  other  effect  than  to  keep  it  in  fusion, 

and  even  exposure  to  Mr  Parker's  powerful  burning  lens,  for 
several  hours,  occasioned  no  losj  of  weight.  After  fusion,  it 
crystallizes  in  short  quadrilateral  pyramids.     H.  2.  130. 

It  du>ws  no  tendency  to  unite  to  oxygen  when  exposed  to 
its  action  in  a  state  of  fusion  ;  but  if  an  electric  discharge  be 
passed  through  a  very  fine  wire  of  gold,  a  purple  powder  is 
produced,  which  has  been  considered  as  an  oxide. 

1631.  Sulphuric,  nitric,  and   muriatic  acids,  have  separately  Action  of 
no  evident  action  on  gold  ;  but  the  last  mentioned  acid,  Proust  '^"^' 
has  observed,  by  long  boiling  with  finely  divided  gold,  dissolves 

e  small  portion.  Neither  does  any  acid,  of  which  oxygen  is  the 
acidifying  principle,  except  concentrated  sulphuric  and  nitric 
acids,  dissolve  the  oxides  of  gold,  and  even  those  acids  do  not 
form  permanent  compounds.  Nitric  acid  dissolves  it  only  when 
heated,  and  deposits  it  again  in  the  state  of  a  hydroxide  on 
adding  water.  Sulphuric  acid,  on  the  other  hand,  dissolves 
oxide  of  gold  at  common  temperatures,  but  decomposes  the 
oxide  when  heated  in  contact  with  it.t     li.  2. 130. 

1632.  Gold  and  Oxygen.    The  best  process  for  obtaining  oxidet. 
oxide  qfgoldf  according  to  Pelletierj:  is  to  precipitate  chloride 

of  gold  by  magnesia.  Muriate  of  magnesia  is  formed,  which 
may  be  removed  by  washing,  and  the  excess  of  magnesia  may;be 
dissolved  by  diluted  nitric  acid.  In  this  case,  the  magnesia  is 
doubtless  converted  into  a  chloride,  and  parts  with  its  oxygen 
to  the  gold.     The  oxide  must  be  dried  at  a  very  low  heat. 

*  For  Ml  •ecount  of  the  go\i  minei  of  Nnrth  Cnnlloa  see  AmericnD  Journal  of  Science  ix.  6.— Tli« 
qaantitj  of  fold  from  Ncrth  Carolina  depoiticd  for « oinaji^e  iu  the  U.  S.  mint,  during  the  year  182f, 
■noiia'vd  lo  abowt  17,G0u  liollar!*  in  value. 

♦  PellcUar.wfnn.  dt  Chim.  tt  Phyt.  «\ .  II.  *  .-Inn   tU  Chim   et  Phif»  xvi.  6. 
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ii»>;iicn  1633.  There  is  considerable  disagreement  as  to  the  compoil- 
"""  *'  tion  of  the  oxides  of  gold.  Oberkampf*  deduce*  as  a  meaaof 
three  experiments,  that  100  parts  of  gold  unite  with  10,01 
oxygen  ;  Berzelius  makes  [he  proportion  of  the  tatter  at  12,07; 
and  Pelletier,  from  ihe  composition  of  the  iodide  deduces  itU 
be  10,03.  This  is  assignei!  as  the  composition  of  the  peroxide ; 
but  besides  this,  he  supposes  that  there  is  a  protoxide  cootain- 
ing  only  one  third  of  the  oxygen  which  exists  in  the  peroxide. 
•  Their  composition  may,  therefore,  according  to  Pelletier,  be 
stated  as  follows  : 

Protoxide 100  +     3,3495 

Peroxide 100  +  10,03.      H.  2.  134. 

-,n.[  1634.   Chlorifte  of  Gold.— When  ^616   in  a  state  of  mioote 

division,  or  gold  leaf  is  healed  in  chlorine,  a  compound  oft 
deep  yellow  colour  results,  which  is  said  to  consist  of  one  pro- 
portional of  each  of  its  constituents. 

According  to  Pelletier  there  are  two  chlorides  of  gold. 

The  protochloride,  or  subchloride  .  =  100  +  14,71J 

The  perchloiide  (soluble) «  100  +  44,H5 

It  is  in  the  state  of  perchloride  that  gold  exists  when  dissolred 
„jf       in  aguaregia.     H.  2.  132. 

'-  1635.  The  action  of  iodine  on  gold  has  been  examined  by  M. 

Pelletier.t  When  hydriodate  of  polassa  is  added  to  chloride  of 
gold,  it  produces  a  very  copious  yellowish  brown  precipitate, 
insoluble  in  cold  water,  and  easily  decomposed  by  beaL  It 
gave  on  analysis 

Iodine 34 

.!■■  Gold 66 

1636.  Nitrate  of  Gold. — The  nitric  acid  has  scarcely  any 
action  upon  gold,  but  it  readily  dissolves  tlie  oxide,  forming  a 
yellow  styptic  deliquescent  salt. 

:637.  The  true  solvents  of  gold  are  solution  of  chlorine  and 
'"'■  iiitro-muriatic  acid  ;  the  latter  is  usually  employed,  connposed 
of  two  parts  of  muriatic  and  one  of  nitric  acid.  By  evapora- 
tion, the  saturated  solution,  which,  however,  is  always  acid, 
affords  prismatic  crystals  of  chloride  of  gold.  This  salt  is 
very  deliquescent ;  it  is  decomposed  by  heat,  leaving  a  spongy 
mass  of  pure  gold ;  a  very  minute  portion  of  the  metal  also 
passes  off  with  the  muriatic  acid. 

1638.  When  potassa  is  added  to  the  solution  of  cliloride  of 
gold,  no  precipitate  occurs  till  heat  is  applied,  when  a  reddish 
yellow  precipitate  falls,  which  is  peroxide  of  gold  ;  the  whole 
Df'pM  of  the  meul,  however  is  not  thrown  down,  a  portion  being 
ouhl  retained  so  as  to  form  a  triple  chloride  of  gold  and  potaata, 
which  is  lery  soluble  and  not  decomposed  by  further  excess  of 
alkali,  it  is  on  this  account  that  a  very  acid  solution  of  cMcnide 
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of  gold  will  afford  no  precipitate  whatever  with  potassa  or  soda, 
the  triple  salt  formed  being  in  that  case  sufficient  to  employ 
the  whole  of  the  oxide  of  gold.    B. 

If  a  considerable  excess  of  potassa  be  mixed  with  the  chlo-  ^^t^  of 
ride  of  gold,  the  supernatant  liquid  acquires  a  greenish  yellow,  pot'^M*- 
mod  a  blackish  sediment  is  formed,  in  which  not  more  than 
iVih  of  the  gold  is  found  that  was  held  in  solution.  The 
remaining  i^tbs,  united  with  oxygen,  have  combined  wilh  the 
potassa,  which  acts  the  part  of  a  base,  while  the  oxide  of  gold 
serves  as  a  salifying  principle.  To  this  compound  Pelletier 
gives  the  name  of  auraie  qf  potassa.  Oxide  of  gold  appears 
therefore  adapted  to  unite  with  bases,  rather  than  itself  to  form 
m  base  for  combination  with  acids,  with  most  of  which  it  refuses 
toanite.     H.  2. 135. 

1639.  When  common  salt  is  added  to  tlie  solution  of  gold  Triple  cbio- 
in  nitro-muriatic  acid,  and  evaporated  to  dryness,  a  triple  Mo-  ^^^^^^ 
ride  qf  gold  and  sodium  is  obtained  which   is  the  Jluri  *    *^ 
murias  of  the  Pharmacopoeia.     It  was  first  formed  by  M. 
Chretien*  and  has  been  examined  by  M.  M.  Figuier  and  Be- 
rard.t    It  crystallizes  in  long  four  sided  prisms,  of  a  beautiful 
orangs  colour,  which  are  not  altered  by  exposure  to  the  air. 
Its  composition  is  stated  by  Dr  Thomson  as  follows. 

Gold 25  ^       .^ 

Chloride  of  Sodium 7,5  c«p^aa 

Chlorine 9 

Water 9 


50,5t 

1640.  A  solution  of  pure  ammonia  separates,  from  the  solu-  Fuinuatuac 
tion  by  nitro-muriatic  acid,  an  oxide  of  gold,  and  a  portion  r>i<>- 
of  ammonia,  uniting  with  the  oxide,  forms  a  compound,  which 
detonates  very  loudly  in  a  gentle  heat,  and  is  termed /u/mtna/- 

To  obtain  this  compound,  add  a  solution  of  ammonia  in  water, 
or  the  pure  liquid  ammonia,  to  diluted  chloride  of  gold ;  a  pre- 
eipitate  will  appear,  which  will  be  re-dissolved  if  too  much 
alkali  be  used.  Let  the  liquor  be  filtered  and  wash  the  sedi- 
ment which  remains  on  the  filter  with  several  portions  of  warm 
water.  Dry  it  by  exposure  to  the  air,  without  any  artificial 
heat,  and  preserve  it  in  a  bottle,  closed,  not  with  a  glass  stopper, 
but  merely  by  a  cork.  A  small  portion  of  this  powder,  less 
than  a  grain  in  weight,  being  placed  on  the  point  of  a  knife  and 
held  over  a  lamp,  detonates  violently.  The  precise  tempera- 
ture which  is  required  is  not  known,  but  it  appears  to  exceed 
250^  Fahrenheit.  At  the  moment  of  explosion,  a  transient 
flash  is  observed.  Two  or  three  grains,  exploded  on  a  pretty 
strong  sheet  of  copper^  will  force  a  hole  through  it    Neither 

•  Se«  Btfelow't  StfMt,  91  \  Jtmr.  it  Pharmaeiet  ri.  64. 
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eleclricity  nor  a  spurk  from  the  Hint  anil  sled  are  auflicienttt 
occasion  its  delonaiion  ;  but  (lie  slightest  friction  esplodes  it, 
and  serious  acciilcnia  have  hap])ened  from  this  cimse. 

This  detonalion  is  explained  3S  follows;  Fulminatinfc  gold  is 
an  oxide  of  that  metal,  combined  with  ammonia.  When  its 
temperalure  is  raised,  the  ammonia  is  decomposed  ;  the  hydro- 
fccn  of  (he  alkali  unites  wiih  the  oxygen  of  the  oxide,  lod 
reduces  the  gold  to  a  metallic  state  ;  and  nitrogen  gas,  and  pro- 
bably aqueous  vapour,  are  liberated  in  a  highly  expanded  state. 
The  violent  impulse  of  these  ai^riform  products,  on  the  surrouad- 
ing  atmosphere,  appears  to  be  the  cause  of  the  loud  noise  that 
is  occasioned  by  the  explosion  of  this  con>i}ound. 

1641.  The  soluijon  ofciiloiide  of  gold  is  decomposed  by  cer- 
tain combustible  bodies,  whith  appear  to  act  by  furnishing 
hydrogen  to  the  chlorine,  and  reduce  the  gold  to  a  metallic 
form,  as  in  the  following  examples: 

Into  a  dilute  solution  of  chloride  ofgoid,  contained  in  a  gliK 
jar,  put  a  long  narrow  slip  of  charcoal,  and  expose  the  whole  (• 
the  directlight  of  the  sun.  The  gold  will  be  revived,  andwiQ 
appear  on  the  charcoal  in  a  metallic  slate,  exhibiting  a  foy 
beautiful  appearance.  The  same  change  ensues  without  Ugb^ 
if  the  solution  be  exposed  to  a  lemperaiore  of  212'*. 

Moisten  a  piece  of  while  lafTela  riband,  with  the  dilute  Men- 
tion ofgold,  and  expose  it  to  a  currentof  hydrogen  gaa  from, 
iron  filings,  and  dilute  sulphuric  acid.  The  gold  will  be  n- 
duced,  and  the  liband  will  be  gilt  with  the  metal.  By  means  of 
a  camel's  hair  pencil,  the  gold  may  be  so  applied  as  to  exhibit 
regular  figures,  when  reduced. 

The  same  experiment  may  he  repeated  substituting  phosphil- 
retled  hydrogen  for  common  hydrogen  gas," 
J  1G42,  Several  of  the  vegetable  acids,  but  particularly  the 
•  oxalic,  decompose  chloride  of  guld  at  common  tempemlum, 
especially  if  exposed  to  the  sun's  rays.  The  bin-oxalate  of 
potassa  is  still  more  efficient ;  an  etTcrvescencc  arises  from  the 
escape  of  carbonic  acid  ;  anil  in  about  an  hour  all  the  gold  it 
revived.!  Tartaric  acid  does  not  iiroduce  the  same  efiecl,  but 
bi-tarlratc  of  potassa  occaslotis  a  decomposition,  though  leu 
rapid.  Acetic  acid  may  he  mingled  willi  chloride  of  gold  with* 
out  producing  any  change. 

1()43.  Gold  is  precipitated  from  its  iiolution  in  a  melallie 
form,  by  a  solution  of  green  sulphate  of  iron.  This  depends  on 
the  affinity  of  the  protoxide  nf  irun  for  a  farther  quantity  ol' 
oxygen,  which  it  takes  from  the  oxide  of  gold. 

1644.  When  a  sheet  of  pure  tin  is  immemcd  in  a  solution  of 
nitro-miiriate  of  gold,  the  oxide  nfgold  is  precipitated  of  a  pur- 
ple colour;  and,  when  scraped  off  and  collected,  forms  the  ;>iir- 
plc  powder  of  Cassius,  much  employed  in  enamelling.     Or  tlie 
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metallic  salt,  largely  diluted  with  water,  may  be  put  into  a 
glass  vessel  with  a  few  pieces  of  grain  tin.  In  a  short  time,  (he 
liquor  will  become  of  the  colour  of  red  wine,  and  a  very  light 
floculent  precipitate  will  begin  to  precipitate,  leaving  the  liquor 
elear.  This,  when  well  washed  and  dried,  has  a  deep  purple 
colour,  and  is  the  precipitate  of  Cassius.  The  same  precipitate 
is  obtained  by  mixing  a  solution  of  gold  with  a  recently  made 
solution  of  tin  in  muriatic  acid. 

1645.  The  composition  and  colour  of  the  precipitates  of  gold, 
thrown  down  by  muriate  of  tin  at  the  minimum,  have  been 
shown,  by  Oberkampf,  to  be  variable.  The  colour  approaches 
more  to  a  violet,  as  the  salt  of  tin  bears  a  larger  proportion  to 
that  of  gold  ;  and  the  colour  communicated  by  the  precipitate 
to  porcelain,  has  the  same  variable  character.  When  the  mu- 
riate of  gold  is  in  excess,  the  precipitate  has  more  of  a  rose 
coloar.     H.  2.  135. 

1646.  If  a  solution  of  chloride  of  gold  be  mixed  with  sulphu-  Etbenai  •». 
ric  ether  it  combines  with  the  oxide,  and  an  ethereal  solution  i"t>oBo^coi<i- 
i^/'^o/tf  is  obtained.     Polished  steel  dipped  into  this  solution 
acquires  a  coat  of  gold,  and  it  has  hence  been  employed  for 
gilding  delicate  cuttine  ornaments.* 

1647.  Sulphurei  oj  gold  is  procured  by  passing  sulphuretted 
hydrogen  through  an  aqueous  solution  of  gold.     It  is  a  black  ^^^'p^""*- 
subctanee,  and  is  a  true  sulphuret,  which  gives  up  its  sulphur  on 

the  application  of  heat.    It  is  composed  of 

Gold 80,39 100 

Sulphur 19,61 24,39 

100.  124,39 

The  sulphuret  of  gold  is  soluble  in  hydro-sulphuret  of  potash. 
Liquid  potash  takes  up  a  part,  and  leaves  a  yellow  powder, 
which  is  metallic  gold.  The  alkaline  hydro-sulphurets  do  not 
dissolve  gold,  however  minutely  divided,  till  sulphur  is  added, 
when  probably  a  sulphuret  of  gold  is  formed,  on  which  the 
hydro-sulphuret  is  capable  of  acting.     H.  2.  137. 

1648.  Phosphuret  of  gold  is  obtained  by  heating  gold  leaf  p^^  ^^^ 
with  phosphorus,  in  a  tube  deprived  of  air.     It  is  a  grey  sub- 
stance of  a  metallic  lustre,  and  consists  probably  of  1  propor- 
tional gold  -|-  1  phosphorus. 

There  is  considerable  di£Sculty  in  fixinfic  upon  a  number  to  ...   , 
represent  the  weight  of  the  atom  of  gold,  on  account  of  the  un-  aumbdrfor 
certainty  respecting  the  smallest  proportions  of  oxygen,  chlorine,  ^"''*' 
&c.  with  which  it  is  capable  of  forming  a  chemical  compound. 
It  appears  that  the  only  well-ascertained  oxide  of  gold  is  that 
which  contains,  according  to  Oberkampf,  10,01,  and  to  Berze- 
lius,  12,07  oxygen,  on  100  of  the  metal ;  and  if  this  be  the  only 
oxide,  the  atom  of  gold  will  be  represented  either  by  80,  or  by 
70,  as  we  take  the  experimental  result  of  the  former,  or  th^ 
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tatter  chemist.  The  constitution  of  the  protoxide,  as  slitcd  hj 
Pelletier,  would  raise  the  representative  number  to  240  ;  thil 
of  iodide  to  242  ;  and  that  of  proto-chloridc  to  244  ;  but  the 
existence  of  an  oxide  and  a  chloride  with  so  small  a  relative  pro- 
portion  of  oxygen  and  chlorine,  has  not  yet  beeo  sufiicientl3r 
established.  The  composition  of  the  oxide,  assigned  by  Be^ 
zelius,  is  confirmed  by  Oberkampf's  analysis  of  the  sulphuret. 
viz.  100  metal  and  24,39  sulphur;  for  this  agrees  writh  the  re- 
lative atomic  weights  of  oxygen  and  sulphur,  the  latter  of  which 
is  shown,  by  a  variety  of  well-ascertained  facts,  to  be  double 
that  of  the  former.  The  whole  subject  appears,  however,  to 
require  farther  investigation,  before  an  equivalent  number  can 
be  obtained  for  gold  entitled  to  our  full  contidence.     H.  2.  137. 

1649.  Alloys  of  Gold.— h.  very  curious  deUil  of  an  extended 
and  accurate  series  of  experiments  upon  the  alloys  of  gold  hu 
been  published  in  the  Philosophical  Trajisactions  for  1803, 
by  Mr.  Hatchett:  his  experiments  were  generally  made  with 
11  parts  of  gold  and  1  of  alloy  ;  or  33  grains  of  alloy  to  the 
ounce  of  gold, 

1650.  The  alloys  of  gold  with  potassium,  sodium,  and  man- 
ganese, have  not  been  examined.  With  iron  the  alloy  is  mal- 
leable and  ductile,  and  harder  than  gold,  its  colour  dull  white, 
and  its  specific  gravity  16,835.  The  metals  expand  by  union, 
so  that  supposing  their  bulk  before  combination  to  have  been 
1000,  after  combination  it  is  1014,7. 

^  1651.  With  zinc  the  compound  Is  brittle  and  brass-coloured. 
Specific  gravity  16,937.  The  metals  contract  a  little  in  uoiling, 
the  original  bulk  being  1000,  that  of  the  alloy  is  997.  The 
brittleness  continued  when  the  zinc  was  reduced  to  ^\  of  the 
alloy.  The  fumes  of  zinc  in  a  furnace  containing  fused  gold, 
make  it  brittle. 

1652.  Tin  formed  a  whitish  alloy,  brittle  when  tbtck,  but 
flexible  in  tbin  pieces.  Specific  gravity  17,307.  Bulk  before 
fusion  1000;  aiXer  fusion  931.  So  that  there  is  considerable 
contraction.  The  old  chemists  called  tin  dtabolus  metallorum, 
from  its  property  of  rendering  gold  brittle,  but  Mr  Bingley'i 
experiments  quoted  by  Mr  Hatchett,  show  that  ^^  of  tia  do« 
not  render  gold  brittle. 

I,  1653.  The  alloy  of  lead  is  very  biiltle  when  that  metal  only 
constitutes  j^'^^  of  the  alloy  ;  even  the  fumes  of  lead  destroy 
the  ductility  of  gold.  The  specific  gravity  18,080;  and  lOOO 
.parts  become  1005.  A  very  remarkable  fact  in  respect  to  ihi* 
alloy  is,  that  its  specific  gravity  diminishes,  to  a  certain  extent) 
as  the  proportion  of  lead  diminishes,  and  is  at  its  maximum 
when  the  lead  amounts  only  to  n^Tth  part,  the  quantity  of  gold 
remaining  the  same,  and  the  deficiency  being  made  up  with 
copper.* 

1654.  With  copper  (standard  gold)  the  alloy  is  perfectly 
ductile  and  malleable,  but  harder  than  pure  gold,  and  retisto 
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wear  better  thaa  any  other  alloy  except  that  with  silver.  Its 
specific  gravity  is  17,157.  The  gold  coin  of  Great  Britain  is  ooidcoiuof 
an  alloy  of  eleven  parts  of  gold  and  one  of  copper ;  of  this  alloy,  ^'  ^"**^ 
twenty  troy  pounds  are  coined  into  934  sovereigns  and  one  half 
sovereign  ;  one  pound  formerly  was  coined  into  44^  guineas ; 
it  DOW  produces  46^j^  sovereigns  being  melted,  or  alloyed  with 
copper. 

1655.  The  standard  of  the  gold  coins  of  the  United  States  umu?sute. 
consists  of  11  parts  of  fine  gold  to  1  part  alloy,  which  alloy  con- 
sists of  silver  and  copper  in  any  convenient  proportion,  provided 

the  silver  do  not  exceed  the  copper.  The  eagle  of  ten  dollars 
contains  870  grains  of  standard  gold,  of  which  247|  grs.  are  fine 
goldy  and  22^  grs.  alloy.  The  troy  pound  of  standard  gold  con- 
tains 11  ozs  of  fine  gold  and  1  ounce  of  alloy,  and  is  coined  into 
Alf  eagles,  of  the  value  of  213^  dollars;  or  9  ounces  of  standard 
gold  are  coined  into  16  eagles  of  the  value  of  160  dollars.* 

1656.  Arsenic  and  antimony,  when  alloyed  in  very  small 
proportions  with  gold,  destroy  its  colour  and  render  it  quite 
hrittle. 

1657.  The  analysis  of  most  of  the  alloys  of  gold  is  performed  ^"'^J^*^^, 
by  cupellation.     The  triple  alloy  of  gold,  silver,  and  copper,     ""^^ 
may  be  analyzed  by  digesting  it  in  nitric  acid,  which  takes  up 

the  silver  and  copper,  and  leaves  the  gold  in  the  form  of  a  black 
powderi  which  may  be  fused  into  a  button,  and  weighed.  The 
silver  may  be  thrown  down  in  the  state  of  chloride  by  solution 
of  common  salt,  and  the  copper  precipitated  by  iron. 

1658.  The  assay  of  gold  is  more  complicated  than  that  of  sil-  a*»t* 
ver,  in  eoosequence  of  the  high  attraction  which  it  has  for  cop- 

Cir,  and  which  prevents  its  complete  separation  by  mere  cupel- 
tion.  An  alloy,  therefore,  of  copper  with  gold,  is  combined 
with  a  certain  quantity  of  silver,  previous  to  cupellation ;  this 
is  then  cupelled  with  lead  in  the  usual  way,  and  the  silver  is 
afterwards  separated  by  the  action  of  nitric  acid. 

1659.  The  real  quantity  of  gold  or  silver  taken  for  an  assay 
is  yery  small;  from  18  to  .^^6  grains,  for  instance,  for  silver,  and 
from  6  to  12  for  gold  ;  whatever  the  quantity  may  be  it  is  called 
the  euaajf  pound.  The  silver  assay  pound  is  divided  into  12 
ounces,  and  each  ounce  into  20  penny- weights.  The  gold  assay 
poand  is  subdivided  into  24  carats,  and  each  carat  into  4  assay 
grains.t 

1660.  Mercury  and  gold  combine  with  great  ease,  and  pro-  ^Jl*^  's'*w- 
duce  a  white  amalgam  much  used  in  gilding.     For  this  purpose 

the  amalgam  is  applied  to  the  surface  uf  the  silver  ;  the  mercury 
is  then  driven  off  by  heat,  and  the  gold  remains  adhering  to 


•  TIm  piopoctiMial  value  of  fine  gold  to  fine  tilver  by  the  laws  of  tlie  United  States,  it  as  15  to  1 ;  ad 
dtttl  pogad  of  fine  (old  it  worth  15  pooodsof  fiae  silver.  The  rroportional  velue  of  the  different  •;old 
•ad  eilver  coim  is  derived  wholly  from  the  pruportioo  of  fine  gold  in  the  one,  to  the  tine  stlvrr  in  the 
•lllcr,  tb*  alloj  ia  both  beiqg  diircfarded.  Thu»  2 J  S-4  grains  of  fine  gol J.  beio|f  one  trnth  of  Iho  fine 
foU  ia  oor  eagle  are  equivalent  to  our  dollar  aoJ  mu'.iiplivd  br  16  produce  371  I  'J,  the  grains  oi  lioo 
idver  ia  the  dollar. 

*  Aikia**  IKctieiiary.    Art.  Attay, 


the  silver,  and  is  burnished.  This  process  is  called  mater 
gilding. 

lo  gilding  porcelain  gold  powder  is  generally  employed, 
obtained  by  the  decomposition  of  the  chloride;  it  ia  applied 
with  a  pencil,  and  burnished  aller  it  has  been  exposed  lo  Ihe 
heat  of  the  porcelain  furnace. 

The  det;ree  of  purity  of  gold  is  expressed  by  the  number  of 
pans  of  ihai  metal,  contained  in  the  24  parts  of  any  mtilare. 
Thus,  gold,  which  in  31  such  parts  (termed  carats,)  contains 
S3  of  the  pure  metal  is  said  to  be  32  carats  fine.  Absolutely 
pure  gold,  using  the  same  language,  is  24  carats  fine  ;  and  pold 
alloyed  with  an  equal  weight  of  another  racial,  12  carats  fine.* 


Section  XXXVI.     Platinum. 

l(iGl,  Tug  original  repositories  of  native  platinum  are  not 
known,  it  having  hitherto  heen  found  only  in  pebbles  and 
grains,+  generally  small,  but  sometimes  upwards  of  a  pound  and 
a  half  in  weight.  It  is  principally  found  in  South  America,  in 
the  provinces  of  Choco  and  Barbacoas,  also  at  Matto  Grosso  in 
Bra/.il.     It  has  also  heen  found  in  St  Domingo. 1 

1'he  pure  metal  may  be  obtained  by  dissolving  crude  plati- 
num in  nitro-muriatic  acid,  and  precipitating  by  a  solutioo  of 
muriate  of  ammonia.  This  first  precipitate  is  heated,  ditsolved 
in  nitro-muriatic  acid,  and  again  precipilaled  as  before.  The 
second  precipitate  is  healed  while  hot,  and  pure  platinum 
remains.^  It  is  a  white  metal.  Its  specific  gravity  is  Sl,5.|| 
"■  1662.  It  is  very  difficult  of  fusion,  bul  may  be  melted  by  the 
blow-pipe,  with  the  aid  of  oxygun  gas.  A  globule  weighingiS 
grains,  boiled  violently  in  the  focus  of  a  lens  about  three  feet  in 
diameter  ;ir  and  by  means  of  the  oxy-hydrogen  blow-pipe  more 
than  200  grains  have  been  kept  boiling  for  some  lime. 

1663.  It  is  unaltered  by  the  joint  action  of  heat  and  air.     It 
u  is  very  ductile  and   may  be  draivo  into   wire  about  the  3000th 
part  of  an  inch  in  diameter.     It  is  malleable  and  may  be  beatea 
into  very  thin  plates,  called  p/alina  foil. 

1604.  In  common  with  iron,  plallnum  bas  the  property  of 
welding,**  which  is  peculiar  lo  these  two  metals.  It  may, 
also,  be  united  by  welding,  with  iron  and  steel. 

•HuriuriDU  f>ei.r'la'in!U>lisprop.-nieii>r;old.itiidiuiu<»liilh<t  trii.Hillba  fooaluIX 
!.(»■■'■  fi^iBKf^ital  ConmxKi  .^lAt  .4ri.. 
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1665.  Platinum  has  been  discovered  by  Dr  Wollaston  to  be  Powerofcoft- 
a  remarkably  slow  conductor  of  heat.  Its  expansion  by  heat  is  ^'^^  ^*^' 
considerably  less  than  that  of  steel.     From  the  experiments  of 

Mr  Scott  of  Dublin  it  appears  to  possess  sufficient  elasticity  to 
be  applicable  to  making  of  pendulum  springs  for  watches.*  H. 
2.  140. 

1666.  Platinum  and  Oxygen. — ^Two  oxides  of  platinum  oside*. 
have  been  described  by  Berzelius.t    The  protoxide  is  precipi- 
tated from  the  chloride  by  excess  of  potassa,  it  is  of  a  black 
colour,  and  consists  of 

Platinum 92,35 100, 

Oxygen 7,65 8,287 

100,  108,287 

The  peroxide,  according  to  the  same  chemist,  has  been 
obtained  only  in  combination.     It  is  composed  of 

Platinum 85,93 100, 

Oxygen 14,07 16,38 

100,  116,38 

1667.  By  pouring  a  neutral  protonifrate  of  mercury  into  a  protoxide. 
dilute  solution  of  chloride  of  platinum  in  hot  waler,  Mr  Cooper 
obtained  what  he  considers  the  protoxide  of  platinum.     The 
precipitate,  a  mixture  of  calomel  and  protoxide   of  platinum, 
after  being  carefully  washed  and  dried,  was  exposed  to  a   heat 
barely  sufficient  to  raise  the  calomel,  after  which  there  remain- 
ed  an   intensely  black   powder.     By  distillation    Mr  Cooper 
ascertained  that  this  powder  is  composed  of  100  parts  of  plati- 
num+4,517  oxygen.}     It  has  been  objected,    however,  by  objectfd  to 
Berzelius,  and   Mr  E.  Davy  that  the  temperature  required  to  ti/iY'vy."* 
aublime  calomel  is  sufficient  to  deprive  oxide  of  platinum  of 

part  of  its  oxygen;  and,  therefore,  that  the  true  composition  of 
the  protoxide  cannot  be  determined  by  Mr  Cooper's  method. 

1668.  According  to  Vauquelin,  the  oxide  of  platinum,  ob- 
tained from  the  chloride  by  means  of  soda  is  constituted  of  100 
metal  +  15  or  16  oxygen.  § 

1669.  Another  oxide  has  been  described  by  Mr  E.  Davy,  p,„,„,j^  ^f 
ivhich  appears  to  be  intermediate  between  the  peroxide,  as  MrDkvy. 
stated  by  Berzelius  and  Vauquelin,  and  the  protoxide  of  the 
former  chemist.     It  was  formed  by  boiling  together  strong  nitric 

acid,  and  fulminating  platinum  (1677),  drying  the  product,  and 
heating  it  just  below  redness;  then  washing  with  water,  and 
finally  with  a  little  potassa.  Its  colour  was  dark  iron  grey  ;  it 
was  not  affected  by  water,  either  hot  or  cold  ;  nor  by  nitrous, 
sulphuric   or  phosphoric  acids;  it  was  insoluble  in  nitro-muri- 

*KieliolM»n*s  Jownuil,  xzti.  148.  t  ^^^*  ^*  China.  81.  1^. 

\  ^aarterlj  Joaraal.  iii.  $  Aon.  dt  CMm.  et  Pbvi.  r. 
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Professor  Dana  has  found  that  spongy  platinum  is  also  igniled 
by  the  vapour  of  alcohol  or  ether." 

1672.  The  solution  of  platinum  forms  a  tripk  combinatioa 
with  soda,  or  soda-muriate.  This  is  best  obtained  by  adding 
lo  nitric  acid,  in  a  retort,  platinum,  with  twice  its  weijjhc  of 
muriate  of  soda,  and  applying  heat  till  about  four  Gfths  of  the 
fluid  have  come  over.  The  remaining  liquor  forms,  on  cooling, 
fine  prismatic  crystals,  sometimes  four  or  five  inches  long;  and 
either  reddish  brown,  like  titanium  ;  yellow  like  amber,  or  of 
a  bR3Utiful  coquelicoi  colour. t     H.  2.  143. 

1673.  Ferrocyanale  of  potassa  affords  no  precipitate  with  solu- 
tion of  chloride  of  platinum.  The  addition  of  potassa  occasioi'S 
a  precipitate  of  a  triple  compound  of  the  olkali  and  acid. J  Sul- 
phuretted hydrogen  occasions  a  black  precipitate.  Eiher  sepa- 
rates the  oxide  of  platinum  in  the  same  way  as  that  of  gold. 
Muriate  of  tin  occasions  a  very  characteristic  red  precipitate  in 
very  dilute  solution  of  platinum. ' 

A  solution  of  platinum,  so  dilute,  as  to  be  scarcely  distin- 
guishable from  water,  assumes  a  bright  red  colour,  on  the  addi- 
tion of  a  single  drop  of  [he  recent  solution  of  tin. 

1674.  There  are,  according  to  Mr  E  Davy,  three  *u^Ak«/* 
of  platinum.  The  Gr^t,  formed  by  heating  the  finely-divided 
metal  with  sulphur  ;  the  second,  by  precipitating  nitro-muriAle 
of  platinum  by  sulphuretted  hydrogen  ;  and  the  third,  by  heal- 
ing 3  parts  of  the  ammonio-muriate  with  2  of  sulphur. 

1675.  According  to  the  same  authority  there  are  two  phos- 
phurets.  The  first,  obtained  by  heating  phosnborus  with  the 
metal;  the  second,  by  heating  phosphorus  with  the  ammonio- 
muriate  of  platinum. 

1676.  The  salts  of  platinum  have  been  but  little  examined. 
Proust  and  Davy  have  described  a  sulphate,  obtained  by  acidi- 
fying the  sulphur  in  the  sulphuret  by  means  of  nitric  acid.  It 
is  of  a  brown  colour,  and  very  soluble ;  and  with  soda,  potassa, 
and  ammonia,  it  forms  triple  salts. 

Mr  Davy  finds  the  solution  of  the  sulphate  in  water  lo  be  an 
excellent  test  for  discovering  gelatine. 

1677.  Mr  E.  Davy  found  that  the  precipitate  by  a  slight 
excess  of  ammonia,  when  boiled  in  potassa,  washed  and  dried, 
was  a  fulminating  platinum  ;  it  explodes  at  about  420°,  with 

'  a  very  loud  report. §  One  grain  laid  on  a  thin  sheet  of  copper 
and  exploded  produces  a  report  louder  than  that  of  a  pistol,  and 
the  copper  is  deeply  indented.  Like  fulminating  gold,  it  is 
incapable  of  being  exploded  by  percussion. 
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1678.  A  very  siai^ular  compound  of  platinum  is  described 
by  Mr  E.  Davy,  in  the  Phihsophical  Transactions  (1820,  p. 
ibs),  obtained  by  mixing  equal  volumes  of  strong  aqueous  solu- 
tion of  the  sulphate  and  of  alcohol.  The  colour  of  the  sulphate 
slowlv  disappears,  and  in  some  days  a  black  substance  subsides, 
which  is  washed  and  dried.  It  is  also  formed  by  boiling  the 
sulphate  and  alcohol  together  for  a  few  minutes.  This  substance 
is  permanent  in  the  air  and  insoluble  in  water.  It  detonates 
feebly  when  heated,  and  is  not  affected  by  chlorine,  nor  by* 
nitric,  sulphuric,  and  phosphoric  acids;  but  it  is  slowly  soluble 
in  muriatic  acid.  Put  into  liquid  ammonia  it  acquires  fulmi- 
natinfic  properties,  and  plunged  into  the  gas  it  becomes  red  hot: 
the  same  phenomenon  is  t^xhibited  by  exposing  it  to  the  vapour 
of  alcohol,  or  by  placing  it  upon  a  piece  of  paper  moistened 
with  that  fluid  :  in  these  cases  the  platinum  is  reduced  with  the 
evolution  of  heat,  and  the  ignition  seems  to  depend  upon  the 
slow  combustion  of  the  vapour  of  the  alcohol,  as  has  been  else- 
where shown.  (181.)  From  Mr  Davy's  analysis  of  this  com- 
pound, it  appears  to  contain  96,25  platinum,  0,12  oxygen, 
0,0106  carbon  3,6194  nitric  acid  and  water;  the  acid  being 
derived  from  the  mode  of  preparing  the  sulphate. 

1679i  The  alloys  of  platinum  are  not,  in  general,  character-  xnoj*. 
ized  by  useful  properties.  Its  affinity  for  lead  is  strikingly 
shown  by  the  following  experiment.  If  a  piece  of  lead  foil, 
and  another  of  platinum  foil,  of  equal  dimensions,  be  rolled  up 
together,  and  the  flame  of  a  candle  be  cautiously  directed  by  a 
blow-pipe  towards  the  edges  of  the  roll,  at  about  a  red  heat, 
the  two  metals  will  combine  with  a  sort  of  explosive  force, 
scattering  their  melted  particles,  and  emitting  light  and  heat  in 
a  surprising  manner.*  A  small  bit  of  tin,  zinc,  or  antimony, 
roiled  in  platinum  leaf,  and  treated  in  the  like  manner,  exhibits 
similar  appearances. 

1680  Zinc,  bismuth,  tin,  and  arsenic,  readily  combine  with 
platinum,  and  form  fusible  alloys.  It  also  unites,  though  less 
reaflily,  with  copper,  lead  and  iron*  It  combines  with  gold,  and 
unless  there  be  great  excess  of  the  latter,  the  colour  of  the 
alloy  resembles  platinum. 

1681.  By  combining  7  parts  of  platinum  with  16  of  copper 
and  1  of  zinc,  Mr  Cooper  obtained  a  mixture  much  resembling 
gold.t  Sixteen  parts  by  weight  of  pure  platinum,  seven  parts  of 
copper,  and  one  of  zinc  equally  pure,  mixed  together  in  a  cru- 
cible, and  covered  with  charcoal  powder,  when  perfectly  fused 
form  an  alloy  which  has  been  called  by  Dr  Hermstadt  artificial 
gold.  It  nearly  resembles  gold  in  specific  gravity,  colour  and 
ductility. 

1682.  The  alloys  of  steel  and  platinum  have  been  examined 
by  Stodart  and  Faraday.  They  combine  in  all  proportions,  but 
from  1  to  3  per  cent,  of  platinum  appears  best  adapted  for  cutting 
instruments.     Equal  weights  of  the  two  metals  produce  a  fine 
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1j»j'(]  ami  brilliant  »lioy  of  a  sjieclfic  gravity  of  9,S62  ;  it  appean 
tvcll  adapled  for  mirrors,  for  it  lakes  a  fine  polish  and  does  not 
tarnish.  An  alloy  of  90  piaiinum  and  20  sled  has  a  specific 
gravity  of  !5,88, 

16S3.  Wires  of  steel  and  platinum,  nhen  welded  and  polished, 
exhibit  a.  curious  and  beautiful  surface,  especially  when  the 
steel  parts  are  slightly  acted  upon  by  dilute  acid.  The  weld- 
ing property  of  platinum  may  be  usefully  applied  in  the  aria ; 
rings  may  be  Joined  so  as  to  form  a  chain,  the  durability  of 
which  must  add  to  its  value;  and  with  a  view  to  ecooomy, 
piaiinum  may  be  joined  to  iron  or  steel  for  many  uses  in  the 
laboratory  of  the  chemist. 


Section  XXXVII.     SUicitnn.  ^M 

1684.  In  attempting  to  decompose  silica,  and  to  obtain  hi 
base  in  a  stale  of  perfect  separation,  Sir  H.  Davy  was  unsuccess- 
ful, but  the  results  of  his  experiments  lel^  little  doubt  that  this 
enrth  is  like  the  rest  compounded  of  oxygen  and  a  pecoliit 
base,  Berzelius  has  since  decomposed  silica,  by  fusing  jt  wiih 
charcoal  and  iron  in  a  blast  furnace;  and  more  recently  by 
exposing  the  Huate  of  silica  and  potassa  to  heat  along  with 
potassium. 

1685.  It  may  be  obtained  more  easily  by  decomposing  the 
fluale  of  silica  and  soda,  which  has  the  advantage  of  contain  lag 
under  the  same  weight  and  volume  a  greater  quantity  of  the 
Huate  of  silica.  This  desiccated  salt  is  reduced  la  a  line  pow- 
der' and  put  by  layers  with  potassium  into  a  tube  of  glasi 
closed  at  one  end,  which  is  so  placed  that  all  the  mass  may  be 
heated  at  the  same  time.  We  may  if  we  choose,  melt  the 
potassium  and  mix  it  by  means  of  a  rod  of  iron,  with  the  salt, 
and  then  heat  the  mass  over  a  spirit-lamp.  Even  before  a  red 
heat,  the  silicium  is  reduced  with  a  slight  hissing  and  a  feeble 
appearance  of  heat.  The  mass  is  left  to  cool,  and  subsequently 
washed  in  a  large  quantity  of  cold  water.  A  brown  powder  ii 
obtained  which  should  be  boiled  witii  water,  and  washed  with 
hot  water  until  no  stain  is  left  by  the  evaporation  of  a  drop  of 
the  liquid. 

The  suhsfance  washed  is  a  hydrurel  of  silicium  whicb  is  to 
be  heated  in  an  open  crucible  nearly  to  redness  for  some  lime, 
and  then  raised  slowly  to  a  perfect  red  heat.  The  hydrogen  is 
burned  oiTand  pure  silicium  remains.  If  the  silicium  become 
inflamed,  the  crucible  should  be  covered  directly  and  the  tem- 
perature lowered,  which  will  instantly  slop  the  combustion. 
When  the  calcination  is  finished,  the  silicium  is  incombustible 
In  air,  and  is  no  longer  attacked  by  fluoric  acid,  if  pure.     The 
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fmall  quantity  of  silica  produced  may  be  dissolved  in  fluoric 
acid.  After  treatment  by  the  acid  the  silicium  is  washed  and 
dried.* 

1686.  Obtained  in  the  manner  described,  silicium  is  of  a  dark  pR»p«rti<^ 
DQl^brown  colour,  without    the  least   metallic   lustre.     It   is 
obUined  in  various  states  of  ag^egation,  and  its  combustibility 
nries  accordingly  ;  in  this  respect  it  much  resembles  carbon. 

1687.  In  the  state  of  least  condensation,  in  which  it  is  obtain- 
ed when  just  separated  from  the  potassium  by  means  of  water, 
it  is  combustible  in  atmospheric  air,  and  in  oxygen  gas.  But 
in  its  densest  state  it  may  be  made  incandescent  in  the  air  with- 
out burning;  it  does  not  undergo  any  change  in  the  flame  of 
the  blow-pipe,  and  appears  to  belong  to  the  class  of  the  most 
infusible  bodies.  This  difference  in  its  combustibility  is  ex- 
tremely remarkable. 

1688.  Silicium,  even  when  dry,  stains  and  strongly  adheres  Aetioo  od 
to  the  glass  vessels  in  which  it  is  kept.     When  treated  with  ^^**^^^' 
fluoric  acid,  the  liquid   is  covered  with  a  slight  pellicle,  which 
envelopes  each  drop  that  is  taken  from  it.     It  is  a  non-conduc- 
tor of  electricity .     it  is  not  attacked  by  nitre  until  the  tempe- 
raUnreis  raised  sufficiently  high  to  decompose  the  nitric  acid  $ 

but  at  a  white  heat  it  is  acted  upon  with  great  energy  by  that 
salt. 

1689.  With  carbonate  of  potassa  it  burns  vividly,  carbonic  Barni  with 
oxide  being  given  out,  and  the  reduced  carbon  imparting  a  black  ^u""**^*"  '*^ 
colour  to  the  mass.  When  the  portion  of  carbonate  is  equal  in 
bulk  to  half  the  silicium  the  inflammation  takes  place  much 
below  the  temperature  of  ignition.  With  greater  quantities  the 
mass  becomes  distended,  by  the  production  of  carbonic  oxide, 
takes  fire  and  burns  with  a  blue  flame.  If  a  still  greater  quan- 
tity of  carbonate  be  employed,  no  signs  of  combustion  can  be 
perceived  ;  the  mass  does  not  grow  black,  and  merely  gives  out 
carbonic  oxide.t 

1690.  Silicium  detonates  with  the  hydrates  of  the  fixed  alka- 
lies, producing  a  vivid  incandescence  at  a  temperature  at  which 
they  melt,  but  much  below  that  of  ignition.  Hydrogen  gas 
is  given  out,  which  is  seen  to  burn  when  the  bulk  of  the  mass 
is  not  too  small.  The  same  phenomena  are  observed  with 
the  hydrate  of  baryta.  Incandescence  also  takes  place  with 
the  hydrate  of  lime ;  but  it  is  very  feeble,  and  the  silicium  is 
oicidated  but  imperfectly.  With  the  acid  fluate  of  potassa  it 
detonates  at  the  fusing  temperature  of  the  salt,  that  is  to  say, 
much  below  a  red  heat;  it  is  not  affected  by  fused  borax. 
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*  For  More  ■uoute  details  tee  th«  memoir  cf  Benelius  in  the  JlnnaU$  de  Ckim.  *t  Phy$.  \x\  ii.  3^7. 
w  Bmn  Jtmmml  ffPhiU*.  iii.  37. 

t  Fram  tfab  mode  of  action  of  tilicium  with  caibonate  of  potassa  arises  a  rtry  paradoiicul  jihenome  - 
aoo.  If  tome  ioeoabostible  silicium  is  hcati*d  with  saltpetre  to  a  moderate  red,  on  a  leaf  uf  |  litiiruiii 
•r  ia  a  little  crucible,  no  action  will  be  obsenred ;  but  if  there  be  added  a  little  dry  carbonate  of  hod^ . 
so  that  it  may  toocb  the  nlicina,  a  detonation  will  take  plaae,  at  the  expense  of  the  rarboiikto  in  the 
■idst  of  the  laltpctre,  aad  the  mut  wiirprcserve  for  tome  time  ita  black  colour.    BerztliuM. 
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1691.  Silicium  heated  to  a  perfect  red  in  the  vapour  of 
phur  inSames  and  burns,  but  with  less  itilen.iity  than  in 
gen  ;  and  the  combination  even  does  not  take  place  with  um 
incombustible  silicium.  The  stilphuration  is  unually  as  incom- 
plete as  the  oxidation,  and  a  scorified  mass  is  obtained  of  a  dark 
grey  colour.  It  sometimes  iiappens,  however,  parlicultHjr 
when  a  vacuum  is  made  in  the  vessels  before  volalilizinii  iIm 
sulphur,  that  the  silicium  becomes  completely  sulphuretted, 
at  least  in  a  part  of  its  mass.  It  then  presenla  an  earthy  whtte 
body,  which,  ihruwn  into  water,  instantly  dissolves  in  it  with 
the  evolution  of  sulphuretted  hydrogen.  The  silicium  ia  con- 
verted into  silica  which  dissolves  in  the  water ;  and  if  this  is 
in  small  quantity,  a  solution  may  be  obtained  so  much  coucen- 
tralcd,  that  it  solidifies  after  a  slight  evaporation,  and  it  leaves 
the  silica,  after  the  desiccation,  in  a  transparent  fissured  man. 
Silicium  imperfectly  sulphuretted  also  decomposes  water  rap- 
idly, with  disenRagement  of  hydrogen,  and  solution  of  thft 
silica  in  the  water;  and  the  silicium  which  was  not  combio- 
ed  with  the  sulphur  becomes  separated.  In  the  air  the  sul> 
phuret  of  silicium  diffuses  a  very  strong  smell  of  sulphuretted 
hydrogen,  and  loses  in  a  little  time  all  its  sulphur;  hut  in  dry 
air  it  may  be  preserved  a  long  time.  At  a  red  heal,  it  con- 
tracts and  shrivels  up,  yielding  sulphurous  acid  and  silica. 
This  change,  however,  takes  place  but  slowly  ;  for  when  kept 
at  a  red  heat  for  some  moments,  it  still  has  the  property  of  de- 
composing water. 

1693.  The  slliciurct  of  potassium  readily  combines  with  sul- 
phur at  a  red  heat ;  but  if  the  mass  is  dissolved  in  water,  there 
remains  much  silicium,  unless  the  mass  be  newly  exposed  to  a 
white  heat,  the  silicium  then  combining  with  the  sulphur  at  the 
expense  of  the  potassium  previnusly  sulphuretted  at  a  more  ele- 
vated temperature.  This  combination  is  a  true  double  sulphu- 
ret ;  its  colour  is  of  a  dark  brown,  almost  black.  It  presents  a 
melted  mas^  which  dissolves  in  water.  The  combinations  of 
the  sulphurel  of  silicium  with  the  metallic  sulphurets.  although 
they  exist  in  the  dry  way.  cannot,  it  appears,  exist  in  water. 

1693.  If  silicium  is  heated  in  a  current  of  chlorine,  it  takes 
fire  and  continues  to  burn.  If  the  gas  contains  atmospheric  air, 
some  silica  remains  in  the  form  of  a  slight  skeleton.  Silicium 
burns  ei)ually  well  in  chlorine,  whether  or  not  it  has  lost  its 
coinbustibility  in  the  air.  The  product  comlenses  and  presents 
a  yellowish  liquid  when  it  contains  an  excess  of  chlorine, 
but  which  is  without  colour  when  it  is  freed  from  this  excess. 
This  liquid  is  very  fluid  ;  it  evaporates  almost  instantaneously 
when  exposed  to  the  air,  yielding  while  vapours,  and  leaving 
a  residuum  of  silica.  It  has  a  very  penetrating  smell,  which 
may  be  compared  in  some  degree  to  that  of  cyanogen.  Thrown 
into  water,  it  floats  on  the  top;  it  generally  dissolves  in  it,  or 
leaves  a  little  silica.  If  the  quantity  of  water  is  small,  a  drop, 
for  example,  on  as  much  chloride  of  silicium,  this  envelopes  it, 
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and  the  silica  remains  in  a  frothy  semi-transparent  mass.  This 
liquid  is  analogous  to  the  combinations  of  the  other  electro- 
negative bodies  with  chlorine. 

1694.  At  common  temperajtures  potassium  has  no  action  on  ^otp^^u^ 
ehloride  of  silicium ;  but   when  heated  in   the  vapour  of  the  *^ 
latter  substance  it  takes  fire  and  produces  a  compound  of  potas- 
sium and  silicium.     The  iodide  of  potassium  does  not  combine 

with  silicium. 

1695.  Silicium  is  neither  dissolved  nor  attacked  by  the  sul — of  Mia^ 
phuric,  nitric,  or  muriatic  acids,  and  not  even  by  nitro-muriatic 

acid.  In  its  combustible  state  it  is  slowly  dissolved  by  fluoric 
acid  with  the  evolution  of  hydrogen  ;  but  in  losing  its  combusti- 
bility, it  loses  also  the  property  of  dissolving  in  this  acid.  Ii  is, 
on  the  contrary,  dissolved  with  rapidity,  e^en  in  the  cold,  by  a 
mixture  of  the  nitric  and  fluoric  acids,  nitrous  gas  being  given 
out.  Combustible  silicium  is  dissolved  by  digestion  in  a  solu- 
tion of  caustic  potassa  ;  but  when  rendered  incombustible,  it  is 
no  longer  attacked  by  the  alkalies  in  the  humid  way. 

1696.  Silicium,  when  once  isolated,  combines  with  the 
-metals  with  much  difficulty.  Its  remarkable  affinity  for  plati-  ''^' 
num  is  known  by  the  experiments  of  M.  Boussingault ;  but  it 
may  be  heated  as  often  and  as  long  as  we  choose  in  a  platinum 
crucible,  without  any  combination  taking  place.  But  if  we 
endeavour  to  reduce  silicium  by  potassium  in  a  platinum  cruci- 
ble^ the  silicium  penetrates  deeply  into  the  platinum  wherever 
this  is  touched  by  potassium.  Copper,  silver,  lead,  and  tin, 
heated  with  silicium   by  the  blow-pipe,  do  not  seem  changed 

in  their  appearance,  nor  in  their  ductility ;  notwithstanding 
when  they  are  treated  with  acids  they  leave  a  small  quantity  of 
silica*  ' 

Silicium  combines  with  potassium  at  a  high  temperature,  but 
without  the  evolution  of  a  remarkable  heat.  It  aflbrds  two 
combinations ;  one  with  excess  of  potassium,  of  a  dark-grey, 
and  which  dissolves  completely  in  water ;  the  other,  with  less 
potassium,,  is  obtained  by  the  reduction  before  stated,  or  by 
exposing  the  first  to  a  very  strong  heat. 

1697.  M.  Berzelius  endeavoured  to  ascertain  the  com|)osition  ^^jj  ti^^^f 
o(  silica  by  efifecting  the  oxidation  of  silicium  in  a  direct  man-  »iioium. 
ner.     For  this  purpose   100  parts  of  pure  silicium  were  burnt 

with  carbonate  of  soda.  The  mass,  treated  by  muriatic  acid, 
evaporated  to  dryness,  and  strongly  heated,  was  dissolved  in 
water,.and  left  some  silica  coloured  grey  by  carbon,  which,  well 
wash^  and  ignited,  became  snow-white,  and  weighed  203,75. 
The  solution  obtained  and  the  waters  of  the  washing  were  evap- 
orated aft^sh,  and  the  saline  residuum  heated  to  redness. 
Treating  this  with  water  it  still  gave  a  little  silica,  which,  after 
the  addition  of  a  drop  of  ammonia,  took  at  the  expiration  of 
some  hours  a  colour  inclining  to  a  yellowish-brown ;  when 
heated  to  redness  it  weighed  1,5  ;  it  had  lost  its  dark  colour, 
but  it  was  not  snow-while.     With  soda  it  gave  on  platinum  foil 
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A  bint  but  evident  trace  of  manganese.  tOO  parts  of  silicium 
had  coDsequenlly  absorbed  105,25  of  oxygen,  aod  produced 
205,25  of  silica.  The  experiment  was  repeated  on  a  portion 
of  silicium  on  which  fluoric  acid  had  been  evaporated,  in  order 
to  be  more  certain  that  all  the  silica  had  been  removed.  100 
parts  of  silicium,  previously  calcined  to  redness  in  ihe  air,  f^ve. 
by  the  process  described  above,  202  of  silica  ;  and  by  evapora- 
tion of  the  waters,  I  pirt ;  or  in  all  20S  of  silica. 
,        According  lo  these  two  experiments  silica  is  composed  of 

Silicium 48,73  to  48,08. 

Oxygen 51,2S  to  5t,92. 

1698.  It  slili  remains  to  be  decided  to  what  class  of  simple 
bodies  silicium  belongs.  Since  it  has  no  lustre,  nor  the  proper- 
ty of  conducting  electricity  in  the  stale  in  which  it  has  hitherto 
been  obtained,  its  properties  bring  it  near  to  boron  and  carbon. 
Carbon  possesses  Ihe  metallic  lustre,  and  conducts  electricity, 
but  it  is  not  considered  as  a  metal  ;  and  if  silicium  could  be 
melted,  it  then  perhaps  would  have  these  properties,  which  it 
does  not  possess  in  a  pulverulent  slate.  Uranium,  under  this 
last  form  can  be  distinguished  but  with  difiicully  by  its  appear- 
ance from  silicium  ;  and  when  crystallized,  on  the  contrary,  it 
has  the  metallic  lustre  and  is  transparent  on  the  thinnest  edges. 
Columbium  and  tilanium  also  approach  silicium  by  their  chemi- 
cal properties." 

1699.  Oxide  of  Silicium,  Silica,  or  Siliceous  Earth,  is  a 
very  abundant  natural  product.  It  exists  pure  in  rock-crystal, 
and  nearly  pure  in  flint.  It  may  be  obtained  tolerably  pure 
from  flints  by  the  following  process  : — Procure  some  common 

'  gun-flints,  and  calcine  them  in  a  crucible  in  a  low  red  he>l. 
By  this  treatment  they  will  become  brittle,  and  easily  reducible 
to  powder.  Mix  them,  when  pulverized,  with  three  or  four 
times  their  weight  of  carbonate  of  potassa,  and  let  the  mixture 
be  fused  in  a  strong  red  heat,  in  a  crucible.  The  materials 
must  bear  only  a  small  proportion  to  the  capacity  of  the  cruci- 
ble; and  the  heat  must  at  first  be  very  moderate,  and  slowly 
increased.  Even  with  this  precaution,  the  mass  on  entering 
into  fusion,  will  be  apt  to  overflow;  and  must  be  pressed  down, 
as  it  rises,  by  an  iron  rod.  When  this  effervescence  has  ceased, 
let  the  heat  be  considerably  raised,  so  that  the  materials  may  be 
in  perfect  fusion  during  half  an  hour,  and  pour  the  melted  mass 
on  a  copper  or  iron  dish.  We  shall  thus  obtain  a  compound  of 
alkali  and  siliceous  earth.  Dissolve  this  in  water,  filter  the 
solution,  and  pour  it  into  diluted  sulphuric  or  muriatic  acid. 
An  immediate  precipitation  will  ensue,  and  as  long  as  this  con- 
tinues, add  fresh  portions  of  ibe  solution.  In  precipitating  the 
alkaline  solution  of  silica,  more  acid  must  be  used  thai)  is  suffi- 
cient to  engage  the  alkali  ;  and  the  alkaline  liquor  must  be 
added  to  the  acid,  and  not  the  reverse;  for,  in  ihe  Utter 
case  the  precipitate  will  be  glass  and  not  silica.     Let  the  pre- 

•Biritliui.jfiH.  4iC:liiii.  itnyf.  iiru.r.337. 
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eipiUte  subside,  pour  off  the  liquor  that  floats  above  it,  and 
wash  the  sediment  with  hot  water,  till  it  comes  off  tasteless* 
Then  dry  it. 

iSiliea,  obtained  by  this  process,  though  pure  enough  for 
many  experiments,  may  still  contain  a  portion  of  alumina. 
To  separate  the  latter  earth,  boil  the  precipitate  with  diluted 
sulphuric  acid,  to  which  a  little  sulphate  of  potassa  may  be 
added.  The  alumina  will  thus  be  dissolved  ;  and  the  silica  may 
be  freed  from  the  solution  of  alum  by  repeated  washings  with 
water.  Even  silica,  however,  that  has  been  most  carefully 
washed,  still  gives  traces  of  potassa  on  the  application  of  elec« 
tro-ebemical  .powers.     (Daw.)     H.  2.  616. 

According  to  Prof.  Brande  silica  may  be  obtained  of  suffi- 
eiest  purity  for  most  purposes  by  heating  rock  crystal  to  red- 
ness, quenching  it  in  water,  and  then  reducing  it  to  fine  pow- 
der. 

1700.  Silica  is  white ;  its  specific  gravity  is  2fiS.  It  fuses  at  Propertiet. 
a  very  high  temperature.  In  its  ordinary  state  it  is  insoluble 
in  water ;  but  it  dissolves  in  very  minute  portions  in  that  fluid, 
when  reeendy  precipitated  in  the  form  of  gelatinous  hydrate  ; 
and  in  the  same  state  it  dissolves  sparingly  in  the  acids.  It 
mdily  unites  with  the  fixed  alkalies,  and  forms  glass;*  or,  if 
the  alkali  be  in  excess,  a  liquid  solution  of  the  earth  may  be 
obtained  (Kquor  siiicum,)  from  which  it  is  precipitated  in  the 
state  of  a  gelatinous  hydrate  by  acids.  This  alksiline  solution, 
after  haviBg  been  kept  for  several  years,  has  formed  small  crys- 
tals of  ailiea.  It  sometimes  forms  a  deposit  much  like  calce- 
dooy,  and  as  hard.* 

1701*  In  consequence  of  its  possessing  a  stronger  affinity  for 
alkalies  and  earths  than  for  acids,  as  well  as  from  its  other  hab- 
itudes, silica  has  been  thought  to  present  a  closer  analogy  with 
acids  than  with  earths  ;  but  on  the  other  hand  it  is  deficient  in 
soaie  of  the  characters  which  have  hitherto  been  deemed  essen- 
tial to  acidity.     H.  2.  618. 

1708*  Glass  is  essentially  a  compound  of  silica  with  fixed  oimi. 
alkali,  a  variety  of  other  substances  being  occasionally  added  for 
particular  purposes,  among  which  oxide  of  lead  is  perhaps  the 
mosi  important.  Bottle  glass  is  obtained  from  a  mixture  of 
alkali  and  common  sand,  but  Jlint  glass  is  prepared  from  a 
very  pure  siliceous  sand,  a  little  of  the  oxide  of  lead  and  of 
raanginese,  being  added  to  aid  the  vitrification,  and  prevent  the 
green  tint  which  is  produced  when  any  oxide  of  iron  is  present. 
The  srt  of  colouring  glass  and  of  making  artificial  gems  is  of 
an  old  date,  and  effected  by  metallic  oxides.t 

*  S««  TImmmob,  #Yrtf  Prm.  i.  IM. 

f  The  metaltempJojed  u  eoloariof  matar'ialt  are  t  1.  Gold.  The  pvrple  of  Cauiot iinp«rta  a  iae 
robj  liat.  3.  SUtci.  Osidc  or  phot pb&tr  of  ailrer  givei  a  y«llow  coloar.  3.  Iron.  Th«  oxides  of 
iroa  predoee  i^eiit  jellow,  and  brown,  dependiof  upon  the  iUte  of  oiidizerornt  and  qnanti^.  4. 
Copper*  Tho  osidea  of  copper  fire  a  rieh  freen ;  the j  alao  produce  a  red  when  nixed  with  a  small 
proportion  of  tartar,  which  tends  partially  to  radnce  the  oside.  5  Antimonj  imparts  a  rich  jellow. 
S-  Jfaaganaie.    Thehlaek  oxide  of  this  metal,  in  lar^e  quantities,  forms  a  black  (lass ;  ia  smaller 
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1703.  Glass  vessels  must  be  cooled  very  slowly,  otherwise 
they  become  very  brittle,  and  this  process  is  termed  theannati- 
ing  of  glass.  When  glass  is  properly  prepared,  very  few 
chemical  agents  have  any  action  on  it.  Fluoric  aciil,  howevr, 
dissolves  it  readily,  from  the  powerful  affinity  which  it  has  for 
silica.  The  alkaline  melals  appear  to  decompose  glass,  combin- 
ing with  the  oxygen  of  the  polassa  or  silica  ;  and  Sir  H.  Davy 
found  that  the  oxide  of  lead,  which  fine  glass  contains.  Is  actt»l 
on  by  muriatic  acid  at  a  high  temperature,  chloride  of  lead  aod 
water  being  formed.* 

1704.  Silica  is  a  very  abundant  product  of  nature.  It  consti- 
tutes a  principal  ingredient  of  several  rocks,  that  form  extensive 
mountain  masses;  it  composes  a  large  proportion  of  the  sand 
found  in  the  beds  of  rivers,  and  on  the  sea  shore,  and  enters 
largely  inio  several  minerals,  as  quartz,  calcedony,  flint,  opal, 
&C.  It  constitutes  an  essential  insiredicnt  of  fertile  soils,  and 
renders  them  porous  and  open  to  the  transmission  of  mois- 
ture.     H. 

""  1705.  The  only  acid  body  which  acts  energelieally  upon 
silica  is  the  hydrofluoric  acid.  (982)  The  result  of  this  aclioa 
is  a  gaseous  compound,  which  has  been  called  silicated ^ftuoric 
acid,  tyv  Jluo-silicic acid:  it  is  probably  a  compound  of  silicium 
and  fluorine. 

,.  1706.  To  obtain  this  gaseous  compound,  three  parts  of  fluor 
spar,  and  one  of  silica  finely  powdered,  are  mixed  in  a  retort 
with  an  equal  weight  of  sulphuric  acid.  Or  finely  powdered 
fluor  spar  may  be  mixed  with  half  its  weight  of  pulverized  glass 
and  an  equal  weight  of  strong  sulphuric  acid  ;  a  gentle  heat  is 
applied,  and  the  gas  evolved  is  to  be  collected  over  mercury. 

1707.  Silicated  fluoric  acid  is  a  colourless  gas;  its  odour  is 
acrid,  much  resembling  muriatic  acid  ;  its  taste  very  sour;  its 
specific  gravity  3,574t  compared  with  air;  100  cubic  inches 
weigh  110,78  grains,}  so  that  its  specific  gravity  to  hydrogen 
is  49,2.  It  extinguishes  burning  bodies.  It  produces  white 
fumes  when  in  contact  with  damp  air;  and  when  exposed  to 
water,  two  compounds  of  silica  with  fluoric  acid  are  formed  ; 
the  one  acid,  and  dissolved  in  the  water;  the  other  containing 
excess  of  silica,  and  insoluble.  The  dry  compound  contains  63 
per  cent,  of  silica  ;  the  aqueous  solution  only  retains  55  per  cent. 
Water  dissolves  260  times  its  hulk  of  this  gas. 

1708.  When  one  volume  of  silicated  fluoric  acid  is  mixed  with 
two  of  ammonia,  a  total  condensation  ensues,  and  a  dry  aiiico- 
JiuaU  of  ammonia  results. 
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1709.  Potassium  when  heated  in  this  gas,  burns  and  produces 
a  brown  compound,  which  when  dissolved  in  water,  affords 
hffdroftuate  ofpotassa. 

1710.  It  appears  from  the  experiments  of  Mr  J.  F.  Daniell, 
that  silicium  exists  in  some  of  the  varieties  of  cast-iron:*  and 
an  alloy  containing  it  has  been  formed  by  M.  M.  Stromeyer  and 
BerzeliuSyt  by  exposing  a  mixture  of  pure  iron,  silica  and  char- 
eoal,  to  an  intense  heat. 


Section  XXXVIII.    Aluminum. 

1711.  The   earth  alumina  constitutes  some  of  the  hardest  AiuminoM 
gems,  such  as  the  sapphire  and  ruby  ;  and  combined  with  water,  °'*°*^'' 
it  gives  a  peculiar  softness  and  plasticity  to  some  earthy  com- 
pounds, such  as  the  different  kinc^s  of  clay. — The  experiments 
of  Sir  H.  Davy  afford  a  strong  presumption  that  alumina  is  a 
metallic  oxide ;  but    its  base,   aluminum^  has  not  been  yet  AianuMni. 
obtained  in  such  a  state  as  to  make  its  properties  an  object  of 
investigation.     Yet  alloys  have  been  formed  which  give  suffi- 
cient evidence  of  its  existence,  and  the  presence  of  oxygen  in 
alumina  is  proved,  by  its  changing  potassium  into  potassa,  when 
ignited  witli  that  metal.     H.  2.  6024 

1713.  To  obtain   pure  alumina  we  dissolve  alum  in  20  times  AiamiM. 
iU  weight  of  water,  and  add  to  it  a  little  of  the  solution  of  car-  »»^^<*»«»"*- 
bonate  of  soda,  to  throw  down  any  iron  which  may  be  present. 
We  then  drop  the  supernatant  liquid  into  a  quantity  of  the  water 
of  ammonia,  taking  care  not  to  add  so  much  of  the  aluminous 
solution   as   will   saturate  the   ammonia.     The   volatile  alkali 
unites  with  the  sulphuric  acid  of  the  alum,  and  the  earthy  basis 
of  the  latter  is  separated  in  a  white  s])ongy  precipitate.     This 
mast  be  thrown  on  a  filter,  washed    by  repeated  affusions  of 
water,  and  then  dried.     Or   if  an   alum,  made  with  ammonia 
instead  of  potassa,  as  is  the  case   with  some  French   alums,  can 
be  got,  simple  ignition  dissipates  its  acid  and  alkaline  constitu- 
ents, leaving  pure  alumina.     U.  ]47.§ 

1713.  Alumina  is  destitute  of  taste  and  smell.     When  mois-  Propertief. 
teoed  with  water,  it  forms  a  cohesive  and  ductile  mass,  suscep- 


of  Science  azid  the  Arts,  Vol.  ii.  \  Gilbert's  j9nna/ei».  xiXTiii. 

\  Then  can  be  little  doubt  of  the  existence  of  silicium  and  aluminuoi,  ht  wrll  at  of  cftlcium,  sind 
probably  ma^csium,  in  some  of  the  varieties  of  cast-irun  and  steel.  Bj  fusii^  hif^lily  carburt* tted 
%teel  with  altnnina,  a  peculiar  sJloy  results,  which  is  white,  granular,  and  brittle,  and  which  yields  on 
^—ijih  6,4  per  cent,  alumina.  On  fusing  67  parts  of  this  alloy  with  600  of  steel,  a  compound  it 
«t»taaBc4.  which  possesses  all  tite  characters  of  the  best  Bombay  wootx  (1140),  and  like  it,  when  itt 
■eirfiae«  ia  poliabed  and  washed  over  with  dilute  sulphuric  acid,  exhibits  the  striated  appearance  called 
for  which  the  celebrated  sabres  of  Damascus  are  remarkhble,  and  whi«.h  renders  it  probable 
diey  alto  ara  made  of  wootx.  {QuarUrly  Journal  of  Science  and  ArU^  ix)  Many  of  the  vari- 
ttiet  of  cast>iroa  afford  lime  and  silica  when  dissolved  in  Mcids,  and  it  is  highly  probable  that  those 
Btonces  at  well  a*  thcalomioain  the  wootz,  exist  combined  with  the  iron  in  their  deoxidineil  or 
lotoUie  tUto.    B. 

%  Ooj-LaH«c«  wfnM.  U  Chim.  tt  Pkyt.  v.  101. 


ttble  of  being  kneaded  inlo  a  regular  form.  It  Js  not  solubia  in 
water;  but  retains  a  considerable  quanlily,  and  is,  indeed,  ■ 
hydrate,  containing,  wiien  dried  at  the  temperature  of  the  atmof 
phere,  almost  half  its  weight  of  water.  Even  aAer  ignition, 
alumina  has  such  an  affinity  for  moisture,  that  it  can  hardly  be 
placed  on  the  scale,  without  acquiring  weight.     Berzeliua  round, 


that 


100   parts   cjf  alumina,    after  being   ignited  gained  lU 
lid  one.     For  AiU 


from  a  dry  atmosphere,  and  33  from 

oaturalion,  100  grains  of  alumina,  he  ascertained,  require  54  of 
water.*  It  does  not  aScct  vegetable  colours.  It  is  dissolved 
by  the  liquid  fixed  alkalies,  and  is  precipitated  by  acids  oo- 
changed.  In  ammonia  it  ia  very  sparingly  soluble.  It  it  not 
soluble  in  alkaline  carbonates. 

Baryta  and  stronlia  combine  with  alumina,  bolh  by  futioo, 
and  in  the  humid  way.  In  the  first  case  the  result  is  a  greeniih 
ur  bluish  coloured  mass.  In  the  second  two  compound!  ira 
formed.  'I'lic  first  containing  an  excess  of  alumina,  is  in  th§ 
sinic  of  an  insoluble  powder ;  the  other,  having  an  excess  of  tkt 
alkaline  earlh.  remains  in  solution. 

1714.  Alumina  has  the  property  of  shrinking  considerably  ia 
bulk,  when  exposed   to  heat.     On  this  property  is  founded  the 

pyrotneter  of  Mr  Wedgwood  which  measures  high  degrees  o( 
heat,  by  the  amount  of  the  contraction  of  regularly  shaped 
pieces  of  cliina  clay.t  This  instrument,  however,  is  not  an  icco- 
rale  measurer  of  heat,  since  the  contraction  of  clay  is  influ- 
enced not  merely  by  the  degree  of  heat  to  which  it  is  exposed, 
hut  by  the  mode  of  its  application.     H. 

1715.  From  indirect  experiments,  Sir  H.  Davy  derived  24h 
the  number  representing  alumina,  from  which,  deducting  oqb 
atom  of  oxygen  =  8,  we  obtain  16  for  the  equivalent  of  alumi- 
num. The  number  for  the  equivalent  of  alumina,  deduced  by 
Gay-Lussac,J  is  21,611,  oxygen  being  10;  =  17,28,  wheo 
hydrogen  is  taken  as  the  decimal  unit.  Dr  Thomson§  from 
recent  experiments,  concludes  it  to  be  S,25,  oxygen  being  I ;  = 
IS  when  hydrogen  is  made  unity.  The  former  delermioatioa 
would  reduce  the  atom  of  aluminum  to  9,38,  and  Dr  Thomson's 
to  10,  the  atom  of  oxygen  being  considered  as  8.  Mr  R.  Phil- 
lips is  of  opinion  that  the  atom  of  alumina  is  correctly  express- 
ed by  27,  and  Mr  BrandeH  fixes  it  at  26. 

1716.  Muriate  of  Alumina  may  be  formed  by  dissolving 
fresh  prepared  alumina  in  muriatic  acid,  but  the  acid  is  alwiji 
in  excess.  It  is  scarcely  possible  to  obtain  this  salt  in  crystilt, 
for  by  evaporation  it  becomes  a  thick  jelly.  It  is  extremely 
soluble  in  water,  and  when  dried  deiiquiates.  At  a  high  teSb 
perature  it  abandons  its  acid. 
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1717.  Nitraie  qf  •Alumina  may  be  formed  in  the  same  man-  mtntt. 
ner  as  the  last   mentioned  compound.     The  sohition  which  is 
always  acid,  crystallizes  in  thin  ductile  plates.     The  crystals 

are  ei^tremely  soluble,  and  deliquescent.  At  a  high  tempera- 
ture they  are  decomposed.  Potassa  throws  down  alumina  from 
the  solution,  but  if  added  in  excess,  re-dissolves  the  precipi- 
tate.*    H.  2.  606. 

1718.  One  of  the  saline  combinations  of  alumina  is  of  impor-  Aium. 
tant  use  in  the  arts,  namely,  alum  ;t  a  triple  sulphate  of 
aiutntna  and  potassa.    This  salt  is  usually  prepared  by  roast- 
ing and  lixiviating  certain  clays  containing  pyrites;  to  the  leys, 

a  certain  quantity  of  potassa  is  added,  and  the  triple  salt  is 
obtained  by  crystallization.]: 

Alum  has  a  sweetish  astringent  taste.  It  dissolves  in  5  parts 
of  water  at  60*^,  and  the  solution  reddens  vegetable  blues.  It 
furnishes  octoedral  crystals.  In  its  crystalline  form  it  consists, 
according  to  some  i*ecent  experiments  made  by  Mr  R.  Phil- 
lips, of 

Sulphate  of  alumina 123,00 

Bi-sulphate  of  potassa 119,32  con»po..tic. 

Water 187,00 


429,32 

Mr  Phillips  adopts  the  number  27  as  the  representative  of 
alumina,  and  considers  alum  as  a  compound  of  2  proportionals 
of  sulphate  of  alumina,  1  of  bi-sulphate  of  potassa,  and  22  of 
water. 

Dt  Thomson  does  not  admit  that  bi-sulphate  of  potassa  exists 
in  alum,  and  contends  that  it  is  constituted  of  1  atom  of  sul- 
phate of  potassa,  3  atoms  of  sulphate  of  alumina,  and  25  atoms 
of  water.§ 

1719.  When  alum  is  exposed  to  an   intense  heat,  it  loses 
water,  and  a  portion  of  acid  ;  but  the  whole  of  the  acid  cannot  ^^'^ 
be  expelled.     It  becomes  light  and  spongy;  and  in  this  state  is 
ealled  in  the  Pharmacopceiaf  •^lumen  ustum^  or  exsiccatum. 


*  For  a  man  particular  aeoMint  of  th«  nitrates  of  alumina,  see  Tbomson't  Fint  PrineipUtt  Vol.  V. 

t  MTbco  almiina  and  f  ttlpharie  acid  form  a  triple  salt  with  some  other  salifiable  base  instead  of 
potaaea,  the  eomponnd  is  also  called  alum,  but  tlie  name  of  that  base  is  also  prefiied  to  it.    Thus  am- 
is the  solphate  of  alumina  and  simmonia  ;  soda  alum  is  the  sulphate  of  alumina  and 


^  SulplMtoef  alomina  will  Dot  crjstallise  ;  but  If  a  sohition  of  sulphate  of  potassa  be  added  to  solu- 
tio*  of  wrfphats  of  alumina,  small  octoedral  crystals  of  alum  are.  precipitated. 

^  Fir*t  Frmeip,  i.  907. — Considerable  differences  exist  in  the  statements  which  hare  been  ; ivro 
bj  diflereot  aaal/sists,  of  tbe  composition  of  alum,  as  will  appear  from  the  foUowiiy  tabic  i 

100  parts  contain  Acid.  Alumina.  Potasia.  Water. 


# 

Accordii^  to  Vanqnelin 30,^3  .  .  .  10,50  .  .  .  10,40  .    .    .  48.53 

'             Dalton       S3,  ...  12,  ...      9,  ...  48, 

R.  Phillips     ....  34.94  .  .  .  11.18  .  .  .  10,33  .    .     .  43.66 

— — —  Benelios 34,23  .  .  .  10.86  .  .  .  9.81  .     .     .  4»i, 

Do.  corrected  by  Thomson  .    .     .  33.82  .  .  .  10.88  .  .  .      9.90  ...  46, 

Pr  Thomson  ....  32,85  ,  .  .  11,99  .  .  .  9,85  .    .    %  48,21    H. 


If  alum  contain  excess  of  potassa  JL  forms  cubic  crystals,  and  u 
known  under  (he  name  of.  cubic  alum. 

17'20.  When  alum  js  ii;niled  wilh  charcoal,  a  sponlanpouslj^ 
inflammable  compouml  results,  which  lias  long  been  known 
uniler  the  name  of  Homber!;'a  pi/ropfiorus.  The  poUssa 
appears  to  be  decomposud  in  this  process,  along  (vilh  the  acid 
of  the  alum,  and  pyrophonis  \>  probably  a  compound  of  sulphur, 
chnri-oal,  and  potassium,  with  alumina. 

Pyrophnrus  may  be  prepared  by  the  following  procesis.  Mix 
equal  piirls  of  honey,  or  of  brown  siisjar  with  powdered  alum, 
in  an  iron  ladle,  melt  [he  mixture  over  a  fire,  and  keep  il  stir- 
red till  dry:  reduce  Ihe  dry  mass  lo  powder,  add  a  few  frrains 
of  pota-sa,  and  inlroduee  it  inlo  a  common  phial  coated  with 
clay,  and  placed  in  a  crucible  of  saud.  Give  the  whole  a  red 
heat,  and  when  a  blue  flame  appears  at  the  neck  of  the  pbial 
allow  it  lo  burn  aliout  five  minutes,  then  remove  it  from  the 
fire  ;  slop  the  phial,  and  allow  it  lo  cool,  taking  care  that  lir 
cannot  enter  it. 

Dr  Hare  recommends  the  followinj;  method,  which  aflbrdt  a 
p'rophorus  ibal  rarely  foils.  Take  thn-e  parts  of  lampblack,  four 
of  calcined  alum,  and  eitrht  of  pearlashes  ;  mix  thein  thorou^- 
ly,  and  heat  them  in  an  iron  lube  to  a  bright  cherry  red  for  one 
hour  On  removal  from  the  fire  the  tube  should  be  carefully 
slopped.  When  well  prepared  and  poured  out  upon  a  gUi* 
plate  and  especially  when  breathed  upon,  the  pyrophoruii  kin- 
dles wilh  a  .series  of  small  explosions.*  The  inflammability  of 
this  compound  arises  from  the  presence  of  potassium,  (See 
^Uo}/s  of  Potassium,  p.  243.) 

1721.  Alum  is  of  exiensive  use  in  the  arts,  more  especially 
in  dyeing  and  calico-printing,  in  consequence  of  the  attractioo 
which  alumina  has  for  the  colouring  malter, 

1722.  A  triple  sulphate  of  alumina  and  soda  is  described 
in  the  Quarterly  Journal  of  Science  and  the  Jlrts,  (viii.  38S.) 
in  the  form  of  irregular  efflorescent  octoedra  :  il  appears  lo 
contain  %  proportionals  of  sidjihalc  of  alumina,  1  proporllonal 
bi-sulphate  of  soda,  and  21  proportionals  water.t 

1723.  Magnesia,  also,  it  appears,  is  capable  of  furnishing  i 
base  to  alum  ;  but  like  the  last  species  il  has  not  been  applied 
to  any  useful  purpose. 

1724.  A  neutral  sulphate  of  alumina  was  obtained  by  Bar- 
zeliiia  by  the  following  process  He  decomposed  alum  by  sin- 
monia;  washed  the  precipilale,  and  re-dissolved  it  in  sul- 
phuric acid.  To  the  liquor,  after  evaporation,  he  sdded  alcohol, 
which  threw  down  a  sulphate  nearly  neutral,  and  renderod 
perfectly  so,  by  being  washed  with  farther  portions.     Gay-Liu- 
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sac  has  also  g^iven  the  following  process,  for  preparing  a  neutral 
sulphate  of  aJumina.  On  alum  with  base  of  ammonia,  boil  nitro- 
muriatic  acid,  till  all  the  ammonia  is  destroyed,  and  evaporate 
to  dryness  to  expel  all  the  nitric  and  muriatic  acids.  The 
ammonia  is  decomposed  by  the  chlorine,  which  results  from 
the  mutual  action  of  those  two  acids,  and  the  alumina  remains 
in  combination  with  sulphuric  acid  only.  The  saturated  solu- 
tion of  this  salt  in  water  is  an  excellent  test  to  discover  potassa; 
for  a  drop  or  two,  added  to  a  solution  of  that  alkali,  or  of  any 
of  its  salts,  immediately  causes  a  precipitation  of  alum.*  It  is 
most  probably  constituted  of  1  atom  of  acid  +  1  atom  of  base. 
H.  3.  609. 


Section  XXXIX.     Zirconium. 

1725.  The  base  of  zirconia,  or  zirconium^  was  investigated  Riaminedb^ 
by  Sir  H.  Davy  in  the  same  manner  as  the  bases  of  other  earths.  ^**^ 
When  potassium  was  brought  into  contact  with  zirconia  ignited 
to  whiteness,  potassa  was  formed,  and  dark  particles  of  a  metal- 
lic aspect  were  diffused  through  the  alkali. 

Berzelius  has  more  lately  obtained  zirconium  by  a  process  obuioedbj 
analogous  to  that  by  which  he  obtained  silicium.  (16S5)t 

1736.  Zirconium,  according  to  Berzelius,  is  as  dark  coloured  cbancten. 
as  carbon,  it  is  not  oxidized  by  water*  Muriatic  acid  does  not 
act  upon  it,  but  nitro-muriatic  and  fluoric  acids  dissolve  it ;  the 
ItctioQ  of  the  latter  beins:  attended  with  the  disengagement  of 
hydrogen.  It  burns  at  a  moderately  elevated  temperature, 
with  great  brilliancy.  It  combines  with  sulphur  and  forms  a 
brown  compound,  insoluble  in  muriatic  acid  and  in  alkalies. 
The  sulphuret  burns  with  the  production  of  sulphurous  acid 
gas  and  zirconia  4 

1727.  The  earth  zircon^  or  the  oxide  of  zirconium^  is  found 
in  the  zircon  or  Jargon  of  Ceylon  ;  in  the  hyacinth  and  in  the 
eudialyte  from  Greenland. 

1728.  Zirconia  is  obtained  by  the  following  process :  Reduce  Mode  of  ob- 
the  stone  to  a  fiae  powder,  having  previously  heated  it  to  red-  |?j^°'°' 
nesa,  and  quenched  it  in  water.  Mix  the  powder  with  nine  times 
its  weight  of  pure  potassa,  and  gradually  project  it  into  a  red- 
hot  silver  crucible,  and  keep  it  in  perfect  fusioivfor  two  hours. 
When  the  crucible  has  cooled,  reduce  the  mass  to  a  fine  pow- 
der, and  boil  it  in  distilled  water.  Boil  the  undissolved  resi- 
due JO  muriatic  acid ;  filter,  and  evaporate  to  dryness  ;  re-dis- 
aolve  the  dry  mass  in  distilled  water,  and  precipitate  by  carbo- 
nate of  soda.  The  carbonate  of  zirconia  which  falls  may  be 
decomposed  by  heat. 

The  following  method  of  obtaining  pure  zirconia  is  recom- 
mended by  M.  M.  Dubois  and  Silveira.:|:     Powder  the  zircons 

*  Aao.  de  Chim.  et  Pbja.  vi.  10\.  \  Ann.  dc  <.'him.  et  Pbjt.  xxri-  40. 

\  Ann.  de  Cbim  et  Pbys.  siv.  1 10. 
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very  fine,  mix  tbem  with  two  parts  or  pure  potassa,  and  heat 
them  red-hot  in  a  silver  crucible  for  an  hour.  Treat  the  sub- 
stance obtained  witii  distilled  water,  pour  it  on  a  filter,  and 
wash  the  insoluble  part  well ;  it  will  be  a  eonipouiid  ofzirconia, 
silica,  potassa,  and  oxide  of  iron.  Dissolve  it  in  muriatic  acid, 
and  evaporate  to  dryness,  to  separate  the  silica.  Re-dissolve 
the  muriates  of  zirconia  and  iron  in  water;  and  to  separate  the 
zirconia  which  adheres  to  the  silica,  wash  It  with  weak  muri- 
atic acid,  and  add  it  to  the  solution.  Filter  the  fluid  and  pre- 
cipitate the  zirconia  and  iron  by  pure  ammonia;  wash  the  pre- 
cipitates well,  and  then  treat  the  hydrates  wilh  oxalic  acid,  boil- 
ing them  well  together,  that  the  acid  may  act  on  the  iron, 
retaining  it  in  solution  whilst  an  insoluble  oxalate  of  zirconia  ii 
formed.  It  is  then  to  be  filtered,  and  the  oxalate  washed,  until 
no  iron  can  be  detected  in  the  water  that  passes.  The  earthy 
oxalate  is,  when  dry,  of  an  opaline  colour;  after  being  well 
washed,  it  is  to  he  decomposed  by  heat  in  a  platinum  crucible. 
Thus  obtained,  the  zirconia  is  perfectly  pure,  but  is  not  af- 
fected by  acids.  It  must  be  re-acted  on  by  potassa  as  before, 
and  then  washed  until  the  alkali  is  removed.  Afterwards  dis- 
solve it  in  muriatic  acid,  and  precipitate  by  ammonia.  The 
hydrate  thrown  down,  when  well  washed,  is  perfectly  pure, 
and  easily  soluble  in  acids. 

1729.  Zirconia  is  in  the  form  of  a  fine  white  powder,  which, 
when  rubbed  between  the  fingers,  has  somewhat  of  the  harsh 
feel  of  silica.  It  is  entirely  destitute  of  taste  or  smell.  Its  spe- 
cific gravity  exceeds  4.  It  is  insoluble  in  water,  yet  appears  to 
have  some  affinity  for  that  fluid,  retaining  when  slowly  dried 
after  precipitation,  one  third  its  weight,  and  appearing  like 
gum  arabic. 

It  is  insoluble  in  pure  liquid  alkalies;  nor  does  it  combine 
with  them  by  fusion,  but  it  is  soluble  in  alkaline  carbonates. 

1730.  Kxposed  to  a  strong  heat,  zirconia  fuses,  assumes  a 
light  grey  colour;  and  such  hardness,  on  cooling,  as  to  strike 
fire  with  steel  and  to  scratch  even  rock  crystal. 

1731.  It  dissolves  readily  in  acids.  Us  solution  in  muriatic 
acid,  when  sufficiently  healed,  becomes  milk  white,  and  runs  in 
some  measure  into  a  jelly,  especially  if  concentrated  to  a  certaio 
point  by  evaporation. 

17.'i3.  From  the  muriatic  solution  of  zirconia,  oxalic  acid 
I.  throws  down  a  white  precipitate,  which  is  re-dissolved  by  an 
excess  of  the  acid. 

It  is  precipitated  from  its  acid  solutions,  by  the  neutral  succi- 
nates and  henzoates,  in  copious  white  bulky  flocks,  which  are 
again  readily  dissolved  by  an  excess  of  succinic  acid.  It  is 
also  thrown  down  from  its  solutions  by  tartaric  acid,  malic 
acid,  and  tartrate  of  potassa. 

From  a  sufl5cienliy  neutral  solution  of  zirconia,  ferrocyanatc 
of  potassa  throws  down  a  greenish  blue  precipitate,  which,  on 
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adding  mariatic  acid,  becomes  more  blue,  bat  after  some  time 
changes  into  a  celadon-green. 

Hydrosulphuret  of  ammonia  prodaces,  in  the  maiiatic  sola- 
tion  of  zirconia,  a  dark  olive  or  blackisb-green  precipitate  in 
yery  loose  flocl^  This  precipitate  may  be  washed  with  water 
without  chai^ng  colour;  bat  when  exposed  to  sondune,  it 
becomes  white* 

1733.  Professor  Pfaff  has  lemarked,  that  in  most  of  their  a«K«*k» 
properties  there  is  a  striking  resemblanee  between  zireonia  and  ^^  *^  ^'^ 
oxide  of  titanium.  The  only  re-a^nt,  which  acts  in  a  strik- 
ingly diflbrent  manner  upon  solations  of  oxide  of  titanium  and 
zireonia,  is  tincture  of  galls,  which,  from  the  common  solution 
of  oxide  of  titanium,  throws  down  a  reddish  brown  precipitate, 
whereas  from  solution  of  zireonia,  it  occasions  a  deposition  of 
yeUow  flocks.*    H.  2.  613. 


Sectiov  XL.     Gludnufn. 

1734.  We  have  no  knowledge  of  the  base  of  glucina.  When 
obtained,  its  proper  denomination  will  begtudnum.  The  gene- 
ral fact  of  its  existence  is  prored  by  igniting  g^cina  with 
potassinm,  which  is  thus  changed  into  potassa. 

1735.  The  earth  ^/tfctna  was  discovered  by  Vauquelin  in  the  PropeHiei. 
beryl,  eodase  and  the  emerald.     It  is  white  and  insipid ;  its 
specific  gravity  =  2,97.     It  dissolves  in  caustic  potassa  and 

soda,  and  thus  resembles  alumina,  but  difiers  from  yttria. 
Again  it  differs  frt>m  alumina,  but  resembles  yttria  in  being 
soluble  in  carbonate  of  ammonia ;  it  is  much  more  soluble  in  this 
solution  than  yttria.  With  the  acids  it  forms  saline  com- 
pounds of  a  sweetish  astringent  taste. 

1736.  To  obtain  ^ucina  frt>m  either  of  these  minerals  pro-  ^jj^^*^^ 
ceed  as  follows  : — Reduce  it  to  a  fine  powder,  and  fuse  it  with  •• 
thrice  its  weight  of  potassa ;  dissolve  in  a  dilute  muriatic  acid  ; 
evaporate  to  dryness ;  re-dissolve  in  water,  and  precipitate  by 
carbonate  of  potassa.     Dissolve  this  precipitate  in   sulphuric 

acid  and  add  a  little  sulphate  of  potassa,  and  on  evaporation 
crystals  of  alum  will  be  obtained.  These  being  separated,  add 
excess  of  carbonate  of  ammonia  to  the  residuary  liquor,  which 
will  retain  glucina  in  solution,  but  the  alumina  will  be  precipi- 
tated ;  filter,  and  evaporate  to  dryness,  and  apply  a  red  heat ; 
glucina  remains. 

Glucina  is  inferred  from  analogy  to  be  a  compound  of  1  atom 
glucinnm  -f-  1  atom  of  oxygen.    T. 

*  Aon.  ef  PbilM.  liii.  t3. 


Section  XLI.     Yttrium. 

1737.  Ik  1794  Professor  Gadolin  tliscovered  a  new  earib  in 
&  minernl  from  ihe  quarry  of  Ytterby  in  Sweden,  to  wliich 
Eckeberg.  in  1797,  gave  the  name  of  Yltria.  The  mineral 
has  since  been  termed  Gadolinite.  Oxide  of  ^tirium,  or 
yltria,  may  be  obtained  by  the  following  process  :  Pulverise 
the  mineral  and  boil  in  repealed  portions  of  oitro-muriatic 
acid ;  evaporate  ne^ly  to  dryness,  dilute  wilh  water,  and 
filler;  evaporate  to  dryness,  ignite  the  re-idue  for  some  hours 
in  a  close  vessel,  re-dissolve,  and  filler.  To  this  soluilun  add 
ammonia,  which  throws  down  yltria  and  oxide  of  cerium  ;  heal 
the  precipitate  red-hot,  dissolve  it  in  nitric  acid,  and  evaporate 
to  dryness;  dilute  with  150  parts  of  water,  and  put  crystals 
of  sulphate  of  potassa  into  Ihe  liquid.  The  crystals  gradually 
dissolve,  and,  ailer  some  hours,  a  while  precipitate  appears  of 
oxide  of  cerium,  the  whole  of  which  must  be  separated  by  a 
repetition  of  the  process.  The  liquor  is  then  lo  he  filtered,  and 
the  addition  of  pure  ammonia  forms  a  precipitate  of  yttrii, 
which  is  to  be  washed  and  heated  red-hol.* 

1738.  Yttria  is  insipid,  while,  and  without  action  on  vege- 
table colours.  It  is  insoluble  in  water,  but  very  retentive  of  it 
Insoluble  in  pure  alkalies,  but  readily  soluble  in  carbonated 
alkalies.  It  forms  sails  which  have  a  sweetish  austere  lasle, 
and  which  have  been  little  examined.     From  indirect  cxperi- 

^menls  it  probably  contains  25  per  cenl.  oxygen.     B. 

1739.  It  is  precipitated  from  iis  solutions  by  the  oxalic  add, 
and  bv  oxalate  of  ammonia,  in  a  state  resembling  fresh  precipi- 
tated muriate  of  silver.  Pruasiate  of  potassa  throws  it  down  in 
small  white  grains  passing  in  a  short  lime  to  pearl  grey  ;  phos- 
phate of  soda  in  a  white  gelatinous  form;  and  infusion  of  galls 
in  brown  flocculi. 

Yttria  which  has  been  a  long  lime  exposed  to  the  action  of 
fire,  gives  out  chlorine  gas,  when  dissolved  in  common  muriatic 
acid;  thus  manifesting  one  property  of  a  metallic  oxide.t  H. 
S.  602. 

1740.  Phosphate  of  Yltria  has  been  lately  discovered  ia 
Norway,  in  crystals  of  a  yellowish  brown  colour,  which, accord- 
ing lo  ihe  analysis  of  Berzclius,  consist  of 

Yltria 62,58 

Phosphoric  acid,  with  a  little  fluoric  acid  .  33,49 
Phosphate  ofiron,  wilh  excess  of  base  .  .      3,B3J 


:  BnoMct'i  Jtanti.  lii.  3». 
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Section  XLII.     Thorinum. 

1741.  In  examining  some  minerals  from  the  neighbourhood  ^^^^^ 
of  Fahlun    in  Sweden,  Prof.  Berzelius  found  in  them  a  new 
earth,  which  he  had  also  extracted,  in  the  year  1815,  from  the 
mineral  gadolinite.     In  these  minerals  this  earth  was  combined 
with  the  fluate  of  cerium  and  yttria. 

Of  the  metallic  base  of  this  earth  nothing  is  known,  but  from 
analogy  it  is  inferred  to  be  constituted  of  such  a  base  united  to 
oxygen  :  and  to  this  supposed  base  the  name  Thorinum  was 
given,  from  Thor,  a^Scandinavian  Deity. 

1742.  Thorina  was  obtained  bv  the  followine:  process.     The 
pulverized  mineral  was  first  treated  with  concentrated  sulphuric  obt»inio^ 
acid,  which  decomposed  the  greater  part  of  it,  and  expelled  the  ^<><^'"*'- 
fluoric  acid.    From  this  solution,  sulphate  of  potassa  precipitated 

the  oxide  of  cerium,  and  caustic  ammonia  afterwards  occasioned 
a  fiirther  precipitate.  This,  dissolved  by  long  digestion  in 
muriatic  acid,  consisted  of  the  muriates  of  yttria  and  of  the  new 
earth.  It  was  evaporated  to  dryness,  in  order  to  expel  the 
excess  of  acid,  and  water  poured  over  it  to  dissolve  the  muriate 
of  yttria.  The  residue  was  subjected  to  the  action  of  muriatic 
acid,  and  the  solution  accurately  saturated  by  caustic  ammonia. 
On  adding  water,  and  applying  a  boiling.heat,  a  white  gelatinous 
precipitate  fell,  which  was  collected  on  a  filter.  The  liquor, 
that  passed  through  the  filter,  was  again  saturated  with  pure 
immonia,  and  heated  to  ebullition,  which  occasioned  a  fresh 
3recipitation  of  the  same  earth.  This,  when  washed  and  gen- 
.ly  dried,  is  the  substance  in  question. 

1743.  This  earth,  when  dried,  is  perfectly  white;  it  absorbs  PropMtw*. 
:arbonic  acid,  and  dissolves  with  efiervescence  in  acids.     After 
lalcioatioD,  its  white  colour  remains  unimpaired  ;  but  if  the  heat 

las  been  strong,  it  is  rendered  less  easily  soluble  in  acids.  The 
leutral  solutions  of  it  have  a  purely  astringent  taste,  which  is 
leither  sweet,  nor  saline,  nor  bitter,  nor  metallic,  a  property  in 
vhich  it  differs  from  all  the  earths  except  zirconia. 

1744.  When  dissolved  in  a  sli^t  excess  of  sulphuric  acid, 
md  subjected  to  evaporation,  it  yields  transparent  crystals, 
ivhich  are  not  altered  by  exposure  to  the  air,  and  have  a  sweet 
istringent  taste. 

1745.  It  dissolves  readily  in  nitric  and  muriatic  acids,  but 

Ices  not  afford  crystallizable  salts.  When  precipitated  by  pure  ^"^^'P'*"'- 
ilkalies,  it  absorbs  carbonic  acidfrom  the  air  with  avidity  ;  and 
he  alkaline  carbonates  throw  it  down,  in  combination  with  the 
vhole  of  their  carbonic  acid.  It  is  precipitated  by  the  oxalate, 
artrate,  and  benzoate  of  ammonia.  Succinate  of  ammonia  occa- 
ions  a  precipitate,  which  is  immediately  re-dissolved ;  and 
erro-prussiate  of  potassa  throws  down  a  white  precipitate,  which 
s  soluble  in  muriatic  acid. 


AHALVSIS   OF   MINERALS. 

1746.  It  is  not  soluble,  even  when  fresh  precipitated  and  at  s 
boilJDg  temperature,  by  the  pure  alkalies.  The  alkaline  carbo- 
nates dissolve  il,  but  much  more  sparingly  than  any  other  earth, 
on  which  Ihey  are  capable  of  acting. 

1747.  It  is  not  reducible,  when  strongly  healed  in  contact  with 
charcoal.  Before  the  blow-pipe,  it  cannot  be  brought  into  fusion. 
"With  boras  or  phosphate  of  soda,  it  fuses  into  a  transpareat 
glass,  but  is  infusible  with  soda. 

1743.  Thorina  differs  from  the  other  earths  ia  the  follomng 
properties:  From  alumina  and  gluctna,  by  its  insolubility  in 
liquid  polassa :  from  ytlria,  by  its  solutions  being  purely  astrin- 
gent to  the  taste,  without  any  sweetness,  and  by  the  property 
of  being  precipitated  at  a  boiling  heat,  except  when  prevented 
by  too  ereai  xn  excess  of  acid.  It  differs  from  zirconia  in  the 
following  respects  :  Isl,  Because  after  being  ignited,  it  is  still 
soluble  in  acids.  2d,  It  is  not  precipitated  by  sulphate  ofpotassa, 
which  throws  dotvn  zirconia,  even  from  solutions  containing 
a  considerable  excess  of  acid,  3d,  Thorina  is  precipitated  by 
oxalate  of  ammonia,  which  is  not  the  case  with  zirconia.  4th, 
Its  combination  with  sulphuric  acid  crystallizes  readily,  i 
sulphate  of  zirconia  forms,  when  pure  and  dried,  a  geUtb 
mass,  without  any  trace  of  crystallization.     H,  2.  610.* 


CHAPTER  V. 


'    THE    ANALYSIS    Of    MINEHALB.t 


1749.  Chemical  analysis  consists  of  a  great  variety  ofopera- 
tions,  performed  for  the  purpose  of  separating  the  component  parts 
of  bodies.  In  these  operations  the  most  extensive  knowled^ 
of  such  properties  of  bodies  as  are  already  discovered  must  be 
applied,  in  order  to  produce  simplicity  of  effect,  and  certainly 
in  the  results.  Chemical  analysis  can  hardly  be  executed  with 
success,  by  one  who  is  not  ii?  possession  of  a  considerable  num- 
ber of  simple  substances  in  a  state  of  great  purity,  maoy  of 
which,  from  their  effects  are  called  reagents. 

As  most  of  the  improvements  in  the  science  of  chemistry 
consist  in  bringing  the  art  of  analysis  nearer  to  perfection,  il  is 
not  easy  to  give  any  other  rule  lo  the  learner  than  the  general 
one  of  consulting  and  remarking  the  processes  of  the  best 
chemists,  such  as  Scheele,  Bergman,  Berthollet,  Kirnan,  Vm- 
quelin,  and  Berzelius.     The  bodies  which  present  themselrei 
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more  frequently  for  examiDation  than  others,  are  minerals  and 
mineral  waters.  In  the  examination  of  the  former,  it  was  the 
habit  of  the  earlier  chemists  to  avail  themselves  of  the  action 
of  fire,  with  very  few  humid  processes,  which  are  such  as  might 
be  performed  in  the  usual  temperature  of  the  atmosphere. 
Modern  chemists  have  improved  the  process  by  fire,  by  a  very 
extensive  use  of  the  blow-pipe  ;*  and  have  succeeded  in  deter- 
mining the  component  parts  of  minerals  to  great  accuracy  in 
the  humid  way. 

Several  authors  have  written  on  the  examination  of  earths 
and  8tone8.t 

1750.  The  first  step  in  the  examination  of  consistent  earths  or 
stones  is  somewhat  difierent  from  that  of  such  as  are  pulverulent.  PraUmiouy 
Their  specific  gravity  should  first  be  examined  ;  also,  their  hard-  "'**" 
ness,  whether  they  will  strike  fire  with  steel,  or  can  be  scratch- 
ed by  the  nail,  or  only  by  crystal  or  stones  of  a  still  greater 
hardness ;  also  their  texture,  perviousness  to  light,  and  whether 

they  be  manifestly  homogeneous  or  compound  species,  &c. 

2d,  In  some  cases,  we  should  try  whether  they  imbibe  water, 
or  whether  water  can  extract  any  thing  from  them  by  ebulli- 
tion or  digestion. 

dd.  Whether  they  be  soluble  in,  or  efiervesce  with  acids, 
before  or  after  pulverization  ;  or  whether  decomposable  by  boil- 
ing in  a  strong  solution  of  potassa,  &c.  as  gypsums  and  ponder- 
ous spars  are. 

4th,  Whether  they  detonate  with  nitre. 

5th,  Whether  they  yield  the  fluoric  acid  by  distillation  with 
sulphuric  acid,  or  ammonia  by  distilling  them  with  potassa. 

6th,  Whether  they  be  fusible  per  se  with  a  blow-pipe,  and 
how  they  are  afiected  by  soda,  borax,  and  microcosmic  salt ; 
and  whether  they  decrepitate  when  gradually  heated. 

7th,  Stones  that  meh  per  se  with  the  blow-pipe  are  certainly 
compound,  and  contain  at  least  three  species  of  earth,  of  which 
the  calcareous  is  probably  one ;  and  if  they  give  fire  with  steel, 
the  siliceous  is  probably  another. 

1751.  The  general  process  prescribed  by  the  celebrated  Vau- 
quelin,  in  the  dOth  volume  of  the  Annales  de  Chimie,  is  the 
clearest  which  has  yet  been  ofiered  to  the  chemical  student. 

If  the  mineral  be  very  hard,  it  is  to  be  ignited  in  a  covered 
crucible  of  platinum,  and  then  plunged  into  cold  water,  to  Rvduction  to 
render  it  brittle  and  easily  pulverizable.  The  weight  should  ^*  *'^' 
be  noted  before  and  after  this  operation,  in  order  to  see  if  any 
volatile  matter  has  been  emitted.  For  the  purpose  of  reduc- 
ing stones  to  an  impalpable  powder,  little  mortars  of  highly 
hardened  steel  are  now  made,  consisting  of  a  cylindrical  case 
and  pestle,  (fig.  123.)  A  mortar  of  agate  is  also  used  for  subse- 
quent  levigation.     About  ten  grains  of  the  mineral  should  be 

*  See  Childrrn*t  tr&nslatioD  of  BerzeliuM  on  the  Bloze-pipt* 
t  See  Thenard*s  TraiU  de  Ckim,  Tom.  v. 
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treated  at  once;  and  after  the  whole  100  grains  have  been 
reiiuued  in  succession  to  an  impalpable  powder,  they  shoithi  be 
weighed  to  tiiid  what  increase  may  have  been  derived  from  the 
subsliince  of  Ihe  agate.  This  addilton  may  be  regarded  u 
allien. 

1752,  Of  Ihe  primary  earlhs,  only  four  are  usually  met  with  in 
minerals,  viz.  silica,  alumina,  magnesia,  and  lime,  assoeiaied 
wiih  some  metallic  oxides,  which  arc  commonly  iron,  man^- 
nese,  nickel,  copper,  and  chromium. 

1753.  If  neither  acid  nor  alkali  be  expected  to  be  present,  the 
■r    mineral  is  mixed  in  a  silver  crucible,   with  Ihrice  its  weighl  of 

pure  poiassaand  a  Utile  water.  Heat  is  gradually  applied  to  the 
covered  crucible,  and  is  finally  raised  to  redness  ;  at  which  teu* 
perature  it  ought  to  be  maintained  for  an  hour.  If  the  matt,  OB 
inspection,  be  a  perfect  glass,  silica  may  be  regarded  as  the  chief 
constituent  of  the  stone;  but  if  the  vitritjcslion  he  very  ilBpet^ 
feet,  and  (he  bulk  much  increased,  alumina  may  be  supposed  to 
predominate.  A  brownish  or  dull  green  colour  indicates  ibe 
presence  of  iron ;  a  bright  grass-green,  which  is  imparted 
to  water,  that  of  manganese ;  and  from  a  greenish-yellow,  j 
chromium  may  be  expected.  The  crucible,  still  a  little  hoi, 
being  lirst  wiped,  ts  put  into  a  capsule  of  porcelain  or  platinum ; 
when  warm  distilled  water  is  poured  upon  the  alkaline  earthy 
mass,  to  detach  it  from  the  crucible.  Having  transferred  the 
whole  of  it  into  the  capsule,  muriatic  acid  is  poured  on,  and  i 
gentle  heat  applied,  if  necessary,  to  accomplish  its  solution, 
If  the  liquid  be  of  an  orange-red  colour,  we  infer  the  presence 
of  iron;  if  of  a  golden-yellow,  that  of  chromium;  and  if  of  t 
purplish-red,  that  of  manganese.  The  solution  is  next  to  be 
evaporated  to  dryness,  on  a  sand  bath,  or  over  a  lamp,  tak- 
ing care  so  to  res^ulale  the  heat  that  no  particles  be  thrown 
out.  Towards  the  end  of  ibe  evaporation,  it  assumes  1 
|:p]aiinous  consistence.  At  this  period  it  must  be  stirred  fre- 
quently with  a  platinum  spatula  or  glass  rod,  to  promote  the 
disengagement  of  the  muriatic  acid  gas.  After  this,  the  heal 
may  be  raised  to  fully  812°  K.  for  a  few  minutes.  Hot  water 
gr  is  now  to  be  poured  on  in  considerable  abjndance,  which  dis- 
solves every  thing  except  the  silica.  By  fdtration,  this  earth  '> 
separated  from  the  liquid ;  and  being  edulcorated  with  hot 
water,  it  is  then  dried,  ignited,  and  weighed.  It  constitutes  a 
fine  while  powder,  insoluble  in  acids,  and  feeling  gritty  between 
the  teeih.  If  it  be  coloured,  a  little  dilute  muriatic  acid  must 
be  digested  nn  it,  to  remove  the  adhering  metallic  particles, 
which  must  be  added  to  the  first  solution.  This  must  now  be 
reduced  by  evaporation  to  the  bulk  of  half  a  pint.  Carbonate 
of  potassa  being  then  added,  tilt  it  indicates  alkaline  excess, 
the  liquid  must  be  made  to  boil.  A  copious  precipitalioa 
of  the  earth  and  oxides  is  thus  produced.  The  whole  is 
thrown  on  a  filter,  and  after  it  is  so  drained  as  to  assume  a  semi- 
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solid  consistence,  it  is  removed  by  a  platinum  blade,  and  boiled 
in  a  capsule  for  some  time,  with  solution  ol*  pure  potassa. 
Alumina  and  glucina  are  thus  dissolved,  while  the  other  earths 
and  the  metallic  oxides  remain. 

1754.  This  alkalino-earthy  solution,  separated  from  the  rest  by  ^ 
filtration,  is  to  be  treated  with  an  excess  of  muriatic  acid  ;  after       """' ' 
which  carbonate  of  ammonia  bein^  added   nlso  in  excess,  the 
alumina  is  thrown  down,  whi'e  the  glucina  continues  dissolved. 

The  first  earth,  separated  by  filtration,  washed,  dried,  and  ignit- 
ed, gives  the  quantity  of  alumina.  The  nature  of  this  may  be 
further  demonstrated,  by  treating  it  with  dilute  sulphuric  acid, 
and  sulphate  of  potassa,  both  in  equivalent  quantities,  when  the 
whole  will  be  converted  into  alum.  (See  Alum.)  The  filtered 
liquid  will  deposit  its  glucina,  on  dissipating  the  ammonia,  by  acd  ^locij.. 
ebullition.  It  is  to  be  separated  by  filtration,  to  be  washed, 
ignited,  and  %veighed. 

1755.  The  matter  undissolved  by  the  digestion  of  the  liquid  -rfmarne. 
potassa,  may  consist  of  lime,  magnesia,  and  metallic  oxides,  hcoiidc''" 
Dilute  sulphuric  acid  must  be  digested  on  it  for  some  time.  The 
solution  is  to  be  evaporated  to  dryness,  and  heated  to  expel  the 
excess  of  acid.  The  saline  solid  matter  being  now  diffused  in  a 
moderate  quantity  of  water,  the  sulphate  ofmagpic&ia  will  be  dis- 
solved, and,  along  with  the  metallic  sulphates,  may  be  sepa- 
rated from  the  sulphate  of  lime  by  the  filter.  The  latter  being 
washed  with  a  little  water,  dried,  iu;nitcd,  and  weighed,  gives, 

by  the  scale  of  equivalents,  the  quantity  of  lime  in  the  mineral. 
The  magnesian  and  metallic  solution  beinc;  diluted  with  a  large 
quantity  of  water,  is  to  be  treated  with  bicarbomte  oi'pota>s«i, 
which  will  precipitate  the  nickel,  iron,  and  chromium,  but 
retain  the  magnesia  and  manganese,  by  the  excf*ss  of  carbonic 
acid.  Hydrosulphuret  of  potassa  will  throw  down  the  manga- 
nese, from  the  magnesian  solution.  The  addition  ofpure  potassa, 
aided  by  gentle  ebullition*  will  then  precipitate  the  magncNia. 
The  oxide  of  manganese  may  be  freed  from  the  sulphuretted 
hydrogen,  by  ustulation. 

1 756.  The  mingled  metallic  oxides  must  be  digested  with  abun- 
dance of  nitric  acid,  to  acidify  the  chromium.     The  liquid  is  ^ci*"/!" 
next  treated    with   potassa,  which  forms  a  soluble  chroinatc, 
while  it  throws  clown  the  iron  and   nickel.     The  chromic  acid 
may  be  separated  from  the  potassa  by  muriatic  acid,  and  di«;r.>s- 

tion  with  heat,  washed,  dried  till  it  becomes  a  green  oxide.  an;l 
weighed.  The  nickel  is  separated  from  the  iron,  by  treating:: 
their  solution  in  muriatic  acid,  with  water  and  ammonia.  Tlic 
latter  oxide  which  falls,  may  be  separated  by  the  filter,  dried 
and  weighed.  Uy  evaporating  the  liquid,  and  cxposins;  the  dry 
residue  to  a  moderate  heat,  the  ammoniacal  salt  will  subiinu*, 
and  leave  the  oxide  of  nickel  behind.  The  whole  sepuratf^ 
weights  must  now  be  collected  in  one  amount,  and  if  they  con- 
stitute a  sum  within  two  per  cent,  of  the  primitive  weight,  the 
analysis  may  be  regarded  as  giving  a  satisfactory  account  of  iha 
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eompoaition  of  the  mineral.  But  if  the  deficiency  be  conside- 
rable, then  some  volatile  ingredient,  or  some  alkali  or  alkaline 
salt,  may  be  snspecle>l. 

1757.  A  poriion  of  ihe  mineral  broken  into  small  fraj^ments, 
is  to  be  ignited  in  a   porcelain  retort,  to  vviiich    a  refrigeraied 

"'i,t!,"t  receiver  is  fitted.     The  water,  or  other  volatile  and  condensible 
1"^^*"^  matter,  if  any  be  present,  will  thus  be  obtained.     But  if  oo  lots 
■■••■         of  weijrht  be  sustained  by  ignition,  alkaJl  or  a  volatile  acid,  may 
be  looked  for.     The  Intler  is  usually  the   fluoric.     It  may  be 
expelled  by  digestion  with  sulphuric  acid.     It  is  exactly  charac- 
terized by  its  property  of  corroding  glass. 

1758.  Besides  this  general  method,  some  others  may  be  used 
in  particular  cases. 

liKS'T        Thus,  10  discover  a  smalt  proportion  of  alumina  or  magatiit 

I'Jriw-  in  a  solution  of  a  large  quantity  of  lime,  pure  ammonia  may  be 

'"■         applied,  which  will  precipitate  the  alumina  or  magnesia  (if any 

be  present,)  but  not  the  lime.     Distilled  vinegar  applied  lo  Ibe 

precipitate  will  discover  whether  it  be  alumina  or  magnesia. 

1759.  A  minute  poriion  of  lime  or  baryta,  in  a  solution  of 
alumina  or  magnesia,  may  be  discovered  by  the  suiphuric  icid, 
which  precipitates  the  lime  and  baryta:  the  solution  should  be 
dilute,  else  the  alumina  also  would  be  precipitated.  If  there  ba 
not  an  excess  of  acid,  the  oxalic  acid  is  still  a  nicer  test  of  lime : 
100  grains  of  gypsum  contain  about  33  of  lime;  100  grains  of 
sulphate  of  baryta  contain  66  of  baryta  ;  100  grains  of  oxalate 
of  lime  contain  43,3  of  lime.  The  insolubility  of  sulphate  of 
baryta  in  500  times  ils  weight  of  boiling  water,  sufficienlljr 
distinguishes  it.  From  these  data  the  quantities  are  easily  la- 
ves ti  gated. 

'nimpft  1760.  A  minute  proportion  of  alumina  in  a  large  quantity  of 
n".."""  magnesia  may  be  discovered,  either  by  precipitating  the  whole, 
and  treating  it  with  distilled  vinegar;  or  by  heating  the  solu- 
tion nc;irly  to  ebullition,  and  adding  more  carbonate  of  magne- 
sia, until  the  solution  is  perfectly  neutral,  which  it  never  ii 
when  alumiiTa  is  contained  in  it,  as  this  requires  an  excess  of 
acid  to  keep  il  in  solution.  By  these  means  the  alumina  is  pre- 
cipitated in  the  slate  of  embryon  alum,  which  contains  about 
half  its  weight  of  alumina,  (or,  for  greater  exactness,  it  may  be 
decomposed  by  boiling  it  in  volatile  alkali.)  After  the  precipi- 
tation the  solution  should  be  largely  diluted,  as  the  sulphate  of 
magnesia,  which  remained  in  solution  while  hut,  would  precip- 
itate when  cold,  and  mix  with  the  embryon  alum. 
jf  nra^Dt-  17G1.  A  minute  portion  of  magnesia,  in  a  large  quantity  of 
'""'''""■  alumina  is  best  separated  by  precipitating  the  whole,  aud  treat 
Ing  the  precipitate  with  distilled  vinegar. 

1762.  Lime  and  baryta  are  separated  by  precipitating  both 
»c>Ddb>-  with  the  sulphuric  acid,  and  evaporating  the  solution  to  a  small 
"'  compass,  pouring  off  the  liquor,  ajid  treating  the  dried  precipi- 

tate with  50(3  times  ils  weight  of  boiling  water  ;  what  remaJDl 
undissolved  is  sulphate  of  baryta. 
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1763.  The  inconveniences  of  employinc;  much  heat  are  obvi-  M.ihodofre- 
)us,  and  Mr  Lowitz  informs  us  that  they  may  be  avoided  without  Sclu'"^ 
he  least  disadvantage.     Over  tlie  flame  of  a  spirit  lamp,  that  will 

lold  an  ounce  and  half,  and  is  placed  in  a  cylindrical  tin  fur- 
lace,  four  inches  high  and  three  in  diameter,  wiih  air  holes, 
md  a  cover  perforated  to  hold  the  crucible,  he  boils  the  stone 
prepared  as  directed  above,  stirring  it  frequently.  His  crucible, 
»vhich,  as  well  as  the  spatula,  is  of  very  fine  silver,  holds  two 
)unces  and  a  half,  or  three  ounces.  As  soon  as  the  matter  is 
joiled  dry,  he  pours  in  as  much  hot  water  as  he  used  at  first; 
ind  this  he  repeats  two  or  three  times  more,  if  the  refractori- 
less  of  the  fossil  require  it.  Large  tough  bubbles  arising  during 
Lhe  boiling,  are  in  general  a  sign  that  the  process  will  be  attend-  ^ 
3d  with  success.  Even  the  sapphire,  though  the  most  refrac- 
tory of  all  Mr  Lowitz  tried,  was  not  more  so  in  this  than  in 
the  dry  way. 

1764.  Sir  H.  Davy  observes,  that  the  boracic  acid  is  very  use-  AnaiysiitiUh 
ful  in  analyzing  stones  tliat  contain  a  fixed  alkali  ;  as  its  attraction   °"''^"' 
for  the  different  earths  at  the  heat  of  ignition   is  considerable, 

md  the  compounds  it  forms  with  them  are  easily  decomposed 
by  the  mineral  acids  dissolved  in  water.  His  process  is  as  fol- 
lows: Let  100  grains  of  the  stone  to  be  examined  be  reduced 
to  a  fine  powder,  mixed  witn  200  grains  of  boracic  acid,  and 
fused  for  about  half  an  hour  at  a  strong  red  heat  in  a  crucible  of 
platinum  or  silver.  Digest  the  fused  mass  in  an  ounce  and 
half  of  nitric  acid,  diluted  with  seven  or  eight  times  the  quan- 
tity of  water,  till  the  whole  is  decomposed ;  and  then  evaporate 
the  solution  till  it  is  reduced  to  an  ounce  and  half,  or  two 
ounces.  If  the  stone  contained  silica,  it  will  separate  in  this 
process,  and  must  be  collected  on  a  filter,  and  edulcorated  with 
distilled  water,  to  separate  the  saline  matter.  The  fluid,  mixed 
with  all  the  water  that  has  been  passed  through  the  filter,  being 
evaporated  till  reduced  to  about  half  a  pint,  is  to  be  saturated 
with  carbonate  of  ammonia,  and  boiled  with  an  excess  of  this 
salt,  till  all  that  will  precipitate  has  fallen  down.  The  earths 
and  metallic  oxides  being  separated  by  filtration,  mix  nitric  acid 
with  the  clear  fluid  till  it  has  a  strongly  sour  taste,  and  then 
evaporate  till  the  boracic  acid  remains  free.  Filter  the  fluid, 
evaporate  it  to  dryness,  and  expose  it  to  a  heat  of  450^  F.  when 
the  nitrate  of  ammonia  will  be  decomposed,  and  the  nitrate  of 
potassa  or  soda  will  remain  in  the  vessel.  The  earths  and  metal- 
lic, oxides  that  remained  on  the  filter,  may  be  distinguished  by 
the  common  processes.  The  alumina  may  be  separated  by  solu- 
tion of  potassa,  the  lime  by  sulphuric  acid,  and  the  oxide  of  iron 
by  succinate  of  ammonia,  the  manganese  by  hydrosulphuret  of 
potassa,  and  the  magnesia  by  pure  soda. 

1765.  Lately  carbonate  or  nitrate  of  baryta, and  carbonate  with 
nitrate  of  lead,  have  been  introduced  into  the  mineral  analysis 
with  great  advantage  for  the  fluxing  of  stones  that  may  contain 
alkaline  matter.* 

*  See  the  Eogliih  innslatlon  of  M.  Tfcenarcl**  volime  on  mnmly<if . 


ANALYSIS    Oy 


CHAPTER  VI. 


OP    HIKEBAL   WATES9. 

Section  I.     Of  the  Tests  and  JJpparalus  required  in  tkt 
Examination  and  Analysis  qf  Mineral  H'atert. 

1766.  Those  wliohave  nol  access  \o  a  reffular  laboraloFy  wiU 
find  it  convenienl  to  arrange  the  follovvin^  lesls  and  re-a^ots 
in  the  manner  represenleO  In  plale  vi.  of  this  work,  the  larger 
phials  should  contain  about  6  ounces  by  measure ;  the  sctoad 
size,  3  ouncr^s;  and  the  smallest,  I  ounce.  Of  iheae  phisls.  the 
greater  number  should  be  simply  slopped,  and  a  few  of  them 
provided  with  an  elongated  stopper  dipping  into  the  fluid  nhich 
they  contain. 

The  larger  phials  may  contain  the  following  re-ageots : 
Pure  tnlphuria  acid. 


Alcohol. 
The  smaller  phials  may  contain 

Tincture  of  jail.. 
Solution  ai   loditii 

.G  or  li 


alcohol. 


-  feiro  cvanate  of  notuiB. 

-  muriBle  of  lime, 
tiilpburet  ai 

icidsle  or  potBun. 


-  hjJro 


The  troy  should  contain  a  few  Florence  flasks  (I),  Wedg- 
wood and  glass  basins  (2,  3),  a  platinum  and  a  silver  crucjbli 
(4,5),  a  silver  capsule  (6),  some  funnels  (7),  teat^lasses  (8),  tost- 
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Lubes  (9),  and  glass  rods,  filtering  paper,  a  spirit  (10),  and  an 
\rgand's  lamp  (11),  a  retort  (12),  and  receiver  (13),  a  cop- 
per basin  to  serve  as  sand-batb  (14),  a  blow-pipe  (15),  a  ther- 
tnonieter  (16),  a  scale  of  equivalents  (17),  a  dropping-bottle 
(18),  a  few  watch-glasses  (19),  a  support  for  holding  glasses 
Dver  a  lamp  {20),  a  small  brass  stand  with  rings  (21),  a  tube, 
with  a  bulb  in  the  centre  and  a  pointed  extremity  tor  drawing 
up  small  portions  of  liquids  (23),  platinum  pincers  (24,  25) ;  a 
small  but  good  balance,  with  well-adjusted  weights,  is  also  requi- 
site, accompanied  by  a  phial  and  counterpoise  lor  taking  specific 
gravities ;  and,  lastly,  a  small  mercurial  trough.  There  should 
ftlso  be  a  plentiful  supply  of  distilled  water,  a  portion  of  which 
should  be  contained  in  a  dropping  bottle. 


Section  II.    Examination  of  Mineral  fVaiera  by  Tests. 

1767.  i.  Th£  term  mineral  water  is  applied  to  those  natural  Dmtioaof 
spring  waters  which  contain  so  large  a  proportion  of  foreign  ^n^^^' 
matter  as  to  render  them  unfit  for  common  domestic  use,  and 
to  confer  upon  them  a  sensible  flavour,  and  specific  action  upon 
the  animal  frame.     Their  temperature  is  liable  to  considerable    ' 
variation,  and  is  sometimes  their  principal  character,  as  is  the 
case  with  the  waters  of  Bath  and   Buxton ;  but  they  are  gen- 
erally so  far  impregnated  with  acid  or  saline  bodies,  as  to  derive 
from   them  their   peculiarities,  and  in  this  respect  may    con- 
veniently be  arranged  under  the  heads  of  carbonated,  sulphu- 
reouSf  saline  and  chalybeate  waters.     The  mere  taste  of  the 
water  enables  us  to  determine  to  which  of  these  subdivisions 
it  probably  belongs. 

ii.  In  examining  a  mineral  water,  it  is  of  importance  to  ascer-  $p«cifie 
Uin  its  specific  gravity,  which  gives  us  some  insight  into  the  ^"''^^y- 
proportion  of  its  saline  ingredients,  its  specific  weight  as  com- 
pared with  pure  water,  being  of  course  augmented  by  its  for- 
eign contents.  Mr  Kirwan'*'  has  given  the  following  formula  for 
calculating  the  proportion  of  saline  substances  in  a  water  of 
known  specific  gravity  :  **  subtract  the  specific  gravity  of  pure 
water  from  that  of  the  water  examined  and  multiply  the  remain- 
der by  1,4.  The  product  is  equal  to  the  saline  contents  in  a 
quantity  of  the  water  denoted  by  the  number  employed  to  indi- 
cate the  specific  gravity  of  distilled  water.  Thus  suppose  the 
specific  gravity  of  the  water  =  1,079,  and  that  of  pure  waters: 
1,000,  then  79  X  1,4  =  110,6  =  saline  contents  in  1000  of  the 
mineral  water." 

This  is  a  useful  formula,  but  open  to  certain  objections;  and 
as  it  is  often  of  considerable  importance  to  acquire  a  just  know- 
ledge of  the  proportion  of  foreign  bodies  in  water,  it  is  advisable 
to  conjoin  the  above  method  with  the  following: 

*    Rnny  on  Mineral  WHtrre,  p.  145. 
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ill.  Evaporale  a  given  weight,  say,  1000  parts  to  dryness,  nid 
expose  the  residue  for  24  hours  lo  a  lemperaliire  not  exceeding 
300°  upon  a  platinum  nspsiile;  weigh  it  while  warm,  and  the 
mean  oblaineil  from  this  and  the  former  eKpcriment,  will  gire 
(he  proportion  of  dry  saline  ingredients  within  an  error  oflvo 
per  cent.  Thus  suppose  lOOU  parts  of  the  above-men Uoncd 
water  pve  by  evapurulion  1 14,4  ilrr  residue,  then  1 10.6  +  1 14,4 
=  '225  -*-  2  =  11^,5  =  quantity  of  saline  mailer  in  a  dry  !*l3le 
(sails  deprived  of  water  of  crystallization)  existing  in  the  miae- 
ral  water  under  investigation. 

iv.  Having  by  these  preliminary  operations  asccrtnined  the 
relative  quanlily  of  foreign  mailer  in  the  water  under  eiatni- 
natton,  llie  nature  of  the  substances  present  is  next  to  be  in- 
quired into. 

17GS.  The  substances  which  have  been  found  in  tninetal 
waters  are  extremely  numerous,  but  those  which  ordioiiilf 
occur,  are  the  folloMtng:  ^^h 

(ix>eF-n.  CnrbMiBleof  iron.  ^^H 

Nitroi;cn.  MuriHle  of  niagueMft.        ^^^| 

SiilfihiirrKed  hydrai^en.  Sul|iliBle  of  oiMfniBaia.       ^^^1 

CnrboiiaK!  of  lime.  Sul|jliatc  at ">Aa. 

L'nilmndte  of  uiBEn»ia.  Sulphute  of  lime. 

a.  Oxygen  and  nitrogen  exist  in  the  greater  atimW  of 
spring  waters  in  the  proportions  consliluUng  almosphefic  air; 
the  proportion  of  nitrogen  is,  however,  not  unfrequently  pt«- 
dominant.     These  gases  give  no  peculiar  6avour  to  the  water, 

b.  Carbonic  acid  renders  mineral  waters  sparkling  and  effer- 
vescent;  it  is  detected  by  occasioning  a  precipitate  in  aqueom 
solution  of  baryta,  which  dissolves  with  eflervescence  in  dilute 
muriatic  acid. 

I  c-  The  presence  of  sulphuretted  hydrogen  is  known  by  iU 
peculiar  disagreeable  smell  ;  hy  the  production  of  a  black  pre- 
cipitate on  dropping  into  the  water  a  solution  of  nitrale  of 
silver,  and  by  the  deposition  of  sulphur  on  adding  a  few  drops 
of  nitric  acid. 

d.  The  carbonates  are  dissolved  in  the  water  by  ezcesa  of 
carbonic  acid,  and  consequently  full  upon  its  expulsion  by  boil- 
ing. CarbuLiale  of  lime  and  magnesia  are  deposited  in  the  foro 
of  a  white  precipitate.  Carbonate  of  iron  occasions  the  sepan> 
lion  of  a  rusty  brown  ferruginous  powder,  and  the  water  U 
blackened  by  a  few  drops  of  tincture  of  galls. 

e,  Mr  R.  Phillips,  in  his  analysis  of  Bath  waters,  has  shown 
that  the  delicacy  of  galls,  as  a  test  for  iron,  is  curiously  aETecteil 
by  the  presence  of  certain  sails  :  if  the  iron  be  in  the  sUte  of 
protoxide,  ils  delection  is  facilitated  by  salts  wiih  a  base  of  limef 
and  by  alkalies  ;  if  in  the  slate  of  peroxide,  lime  prevents  the 
action  of  the  lest  This  is  well  shown  by  dissolving  g  very 
minute  proportion  of  proto-sulphale  of  iron  in  a  glass  of  distilled 
water,  and  adding  a  drop  of  tincture  of  galls,  which  occBSions  so 
immediate  discoloration;  but  a  drop  of  lime  water,  or  other 
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alkali,  instantly  renders  the  presencf  of  iron  evident ;  so  that  the 
quantity  of  iron  present  in  a  water  cannot  be  correctly  judged 
of  by  the  degree  of  precipitation  occasioned  in  it  by  tincture  of 
galls. 

y.  Ferro-cyanate  of  potassa  is  also  a  good  test  to  show  minute 
quantities  of  iron  in  water,  by  the  blue  precipitate  which  it 
occasions ;  its  action  is  aided  by  previously  adding  two  or  three 
drops  of  nitric  acid  to  the  water;  but  it  is  an  equivocal  test  com- 
pared with  galls.  •  _  f  hi 

g.  The  presence  of  muriatic  salts  and   of  chlorides,   is  indi-  r\Al%^  ^ 
cated  by  a  white  cloud  on  adding  sulphate  of  silver. 

h.  The  sulphates,  when  present  in  water,  afford  a  white  pre-  '\^^' 
cipitate  on  the  addition  of  nitrate  of  baryta,  which  is  insoluble 
in  nitric  acid. 

«.  Lime  is  recognised  by  a  white  cloud  on  dropping  oxalate  —  of*"»«» 
of  ammonia  into  the  water.     A  portion  of  the  precipitate  col- 
lected upon  leaf  platinum,  and  heated  before  the  blow-pipe,  may 
be  burned  into  quick-lime. 

A?.  Magnesia  is  rendered  evident  by  adding  carbonate  of  am-  —  »^«»Mn»- 
monia  which  throws  down  the  lime,  and  subsequently  pouring 
in  phosphate  of  soda,  which,  when  magnesia  is  present,  carries 
a  portion  of  it  down  in  the  form  of  a  granular  precipitate  of 
ammoniaco-magnesian  phosphate. 

Such  are  the  readiest  means  of  recognising  the  presence  of 
the  various  substances  that  commonly  occur,  by  the  action  of 
re-ageotsor  tests;  and,  having  gained  such  general  information, 
we  next  proceed  to  the  analysis  of  the  water,  in  order  to  ascer- 
tain the  relative  proportions  of  the  gaseous  and  saline  ingredi- 
ents which  it  holds  dissolved. 
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Section  III.    Analysis  of  Mineral  Waters* 

1769.  v.  To  ascertain  the  relative  proportions  of  the  gaseous  ^o  .'ccrtntii 
contents  of  water  with  perfect  accuracy,  is  a  very  difficult  J.'^'^JJ-.""'^ 
undertaking,  and  rarely  necessary ;  the  following  method  is  suf-  '' 
ficiently  precise  in  all  ordinary  cases  of  analysis.  Provide  a 
Florence  flask  capable  of  holding  rather  more  than  a  measured 
wine-pint,  which  quantity  of  the  water  under  examination  is  to 
be  introduced  into  it,  and  a  cork  carefully  fitted  to  its  neck, 
through  a  perforation  in  which  is  inserted  a  glass  tube  one- 
eighth  inch  in  diameter,  risinsc  perpendicularly  about  1^  inches, 
and  then  bent  so  as  to  pass  conveniently  under  the  shelf  of  the 
mercurio-pncumatic  apparatus.  (Where  a  sufficiency  of  mer- 
cury cannot  be  procured,  warm  water  may  be  substituted,  if 
only  carbonic  acid  be  present,  and  it  may  be  absorbed  by  trans- 
ferring the  jar  containing  it  to  a  solution  of  potassa.)  The  flask 
should  be  placed  over  an  argand  lamp,  and  heat  s;radually  appli- 
ed till  the  water  fully  boils.     The  gas  evolved  is  to  be  collected 


in  the  uiual  way,  in  a  graduated  jar  over  quiuk^iirer,  and  »ub- 
initlcd  to  the  following  examination  : — 

vi.  Throw  up  a  small  quantily  of  solution  of  poiassa,  which, 
ifcsrbonic  acid  be  preseiii,  will  absorb  it,  and  the  quantily  will 
be  shown  by  the  diminution  o(  bulk. 

vit.  introduce  the  remaining  air,  or  a  portion  of  it  into  ■ 
small  bent  tube,  containing  a  bit  of  phosphorus;  heat  it  so  m  to 
kindle  (he  phoxphr^rus,  and  nole  the  diminution  of  bulk  when 
cold.  It  is  proponiunal  to  the  oxygen  prf^senl,  and  if  equal  to 
one-fiflh  of  the  whole  bulk,  the  gas  miiy  be  regarded  as  atmos- 
pheric air.* 

viii.  If  sulphureded  hydrogen  be  present  it  may  be  »eparated 
by  a  strong  alcoholic  solution  of  iodine,  which  rapidly  absorb* 
it,  and  scarcely  takes  up  more  than  its  own  volume  of  carbonic 
acid  gas.  Chlorine,  added  to  a  mixture  of  sulphuretted  hydro- 
gen and  carbonic  acid,  will  also  produce  the  absorption  of  the 
former  if  a  Utile  water  be  present ;  but  it  cannot  be  coDrenieol- 
ly  used  over  mercury. 

ix.  During  (he  ebullition  it  not  unfrequently  happens  (hit  ■ 
precipitation  ensues,  indicating  that  the  substances  thrown  down 
were  dissolved  by  carbonic  acid  ;  and  in  that  case  they  should 
be  separated  upon  a  filter  a,  after  which  the  remaining  mief 
may  be  evaporated  to  dryness  in  a  glazed  porcelain  basin;  the 
dry  residue  transferred  to  a  silver  capsule,  and  perfeclly  defe- 
cated ,it  a  tempei;aturc  not  exceeding  500°.  b. 

The  precipitate  a  may  consist  of  carbonate  of  lime,  of  carbo- 
nate of  magnesia,  or  of  oxide  of  iron  ;  or  it  may  be  a  mixture  of 
the  three;  dissolve  it  in  dilute  muriatic  acid,  and  add  oxalic 
acid  which  throws  down  oxalate  of  lime;  separate  this  by  fil- 
tration, and  saturate  the  filtrated  portion  with  carbonate  of  am- 
monia, which  precipitates  the  peroxide  of  iron,  and  having 
removed  this,  evaporate  the  residuary  mixture,  and  expose  the 
dry  salt  to  a  red  heat  in  a  small  platinum  capsule ;  the  magaesia, 
if  any  were  present,  will  remain;  if  not  there  will  be  no  residue, 
for  the  oxalic  acid  and  muriate  of  ammonia  will  be  destroyed 
and  volatilized. 

100  partM  of  oxalate  of  lime  indicate  77  of  carbonate  of  Umt. 

lOO  parts  of  red  oxide  of  iron  indicate  90  of  black  oxide,  or 
143  of  carbonate  of  iron.  When  carbonic  acid  holds  iron  in 
solution,  the  metal  is  in  the  stale  of  protoxide,  and  if  ntht 
excluded.  It  requires  long  boiling  to  decompose  it ;  for  ik 
same  reason,  if  the  water  be  exposed,  under  the  exhausted 
receiver  of  the  air-pump,  it  does  not  readily  become  brown,  it 
is  the  case  wben  it  is  exposed  to  air;  a  drop  or  two  of  nitric 
acid  facilitates  the  deposition  of  the  red  oxide. 

100  parts  of  pure  magnesia  are  equivalent  to  213  of  carboiuile 
of  magnesia. 
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X.  The  dry  residue  b,  is  to  be  digested  in  six  or  eight  parts 
of  boiling  alcohol,  specific  gravity  0,817,  which  will  take  up 
muriate  of  magnesia,  and  in  some  rare  cases  (where  no  sulphates 
are  present)  muriate  of  lime.  Filter  off  the  alcoholic  solution, 
and  wash  the  residue  c  with  a  little  fresh  alcohol,  which  add  to 
the  former,  and  evaporate  to  dryness  d.  The  dry  mass  d, 
exposed  for  some  time  to  a  heat  of  500^,  is  generally  pure  muri- 
mte  of  magnesia,  if  it  contain  muriate  of  lime,  the  latter  earth  may 
be  separated  by  solution  of  oxalic  acid,  in  the  state  of  oxalate  of 
lime. 

It  is  convenient  in  some  cases,  to  convert  the  muriates  J^*^°^„"||i"J'^ 
of  lime  and  magnesia  into  sulphateS|  by  pouring  upon  them  iototuiphatct. 
excess  -of  sulphuric  acid,  evaporating  to  dryness,  and  heating 
the  dry  mass  red  hot.  The  sulphate  of  magnesia  may  then 
be  almost  completely  separated  from  the  sulphate  of  lime,  by  a 
small  quantity  of  cold  water ;  or  a  saturated  solution  of  sulphate 
of  lime  may  be  used,  which  takes  up  the  sulphate  of  magnesia^ 
and,  of  course,  leaves  the  sulphate  of  lime. 

The  alcohol  will  also  take  up  a  very  minute  portion  of  sea- 
salt,  which,  however,  is  too  small  to  require  estimation. 

xi.  The  residue  c,  insoluble  in  alcohol,  may  contain  sea-salt, 
sulphate  of  soda,  sulphate  of  magnesia,  and  sulphate  of  lime  ; 
digest  it  in  ten  parts  of  boiling  distilled  water,  which,  when  cold, 
will  have  taken  up  every  thing  but  sulphate  of  lime,  of  which 
an  inappreciable  portion  only  will  have  been  dissolved ;  separate 
the  solution  into  two  equal  portions,  a  and  b. 

To  a  add  nitrate  of  silver,  and  wash  and  dry  the  precipitate,  sea-tait. 
which  is  chloride  of  silver,  and  of  which  100  parts  indicate  41 
of  sea-salt. 

To  b  add  acetate  of  baryta  as  long  as  it  occasions  a  precipi- 
tate, which  is  sulphate  of  baryta,  and  which  is  to  be  separated, 
dried  and  weighed.  100  grains  are  equivalent  to  60,5  of  sul- 
phate of  soda,  and  to  51  of  sulphate  of  magnesia. 

In  order  to  ascertain  the  quantity  of  magnesia  present,  and 
consequently  the  quantity  of  sulphuric  acid  belonging  to  it, 
evaporate  the  liquid  filtered  off  the  barytic  precipitate  s  to  dry- 
ness; it  will  contain  sea-salt,  acetate  of  sodsf,  acetate  of  mag- 
nesia, and,  probably,  a  portion  of  the  added  acetate  of  baryta ; 
Ignite  the  dry  mass,  and  wash  it  to  separate  the  sea-salt  and 
soda;  magnesia,  an^  carbonate  of  baryta  will  remain  insoluble, 
upon  which  pour  dilute  sulphuric  acid ;  digest,  filter,  and  evapo-  g^^^  ^^^^^. 
rate  the  clear  liquor  to  dryness;  it  is  sulphate  of  magnesia,  ml|ar«ra/ 
equivalent  of  course  to  the  original  portion  of  the  salt ;  deduct 
thd  sulphuric  acid  contained  in  it  from  the  whole  in  the  pre- 
cipitate £,  and  the  remainder  will  give  the  quantity  united  to 
ih€  soda. 

xii.  To  estimate  the  quantity  of  sulphate  of  lime  in  the  water,  — of  lim*. 
the  residue  of  the  evaporation  of  one  pint  may  be  washed  with 
cold  saturated  solution  of  sulphate  of  lime,  which  will  dissolve 
every  thing  but  that  sulphate,  and  which  may  thus  be  obtained 
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and  weighed;  or,  add  oxalate  of  ammonia  to  a  givea  quantity 
of  the  boiled  and  filtered  water,  collect  the  precipitate,  and  dry 
it  at  a  heat  of  500°.  100  gratos  of  this  oxalate  indicate  104  of 
dry  sulphate  of  lime. 

xili.  Such  are  the  general  components  of  mineral  waters,  lod 
_  „»^  -  the  means  of  ascertaining  their  relative  quantities.  Let  us  su^ 
■  uirt^yiu.  pose  the  following  results  have  been  obtained,  with  a  view  to 
illustrate  the  mode  of  drawing  up  the  analysis.  13j  the  pi^>cess 
V,  twelve  cubical  inches  of  gas  have  been  expelled  during  the 
ebullition  of  a  pint  of  water.  The  exposure  to  solution  of 
potassa  has  occasioned  a  diminution  of  eleven  cubical  inches, 
which,  it  having  been  previously  ascertained  that  no  sulphuret- 
ted hydrogen  was  present,  may  be  considered  as  carbonic  acid. 
The  remaining  gas  thrown  up  into  a  tube  containing  a  portion 
of  phosphorus,  and  heated,  suffers  scarcely  any  diminution,  and 
the  phosphorus  does  not  burn :  hence  it  may  be  regarded  u 
nitrogen.  The  gaseous  contents,  therefore,  of  the  water  OB^^H 
examination  are  in  the  wine-pint —  ^^^ 

Carbonic  acid 11  cubic  inches.  ^^H 

Nitrogen I  ditto."  ^* 

If  sulphuretted  hydrogen  be  present,  it  is  best  to  haverecot;ne 
to  a  separate  operation  to  estimate  its  quantity  :  for  this  purpose 
collect  the  gas  as  before,  and  throw  up  into  it  a  small  quantity 
of  alcoholic  solution  of  iodine.  The  absorptioa  denotes  the 
quantity  of  the  gas.  (viii.) 

xiv.  The  next  step  of  the  operation  relates  to  the  examlni- 
tioD  of  the  precipitate  deposited  during  ebullition,  (ix.  a.)  Let 
us  suppose  the  weight  of  oxalate  of  lime  to  be  3  grains,  of  oxide 
of  iron  1,5  grain,  and  of  magnesia  1  grain  ;  then  the  above  data 
give 

Carbonate  of  lime S,3 

Carbonate  of  iron 2,4 

Carbonate  of  magnesia 2,1 

XV.  The  alcoholic  solution  (x.)  may  be  diluted  with  water 
and  tested  by  oxalic  acid  for  lime;  if  absent,  evaporate  to  dry- 
ness as  directed.     Let  us  suppose  the  residue  to  be 

Muriate  of  magnesia 5  grains. 

If  the  quantity  of  muriate  of  magnesia  be  considerable,  greater 
accuracy  is  ensured  by  converting  it  into  sulphate,  which  n 
done  by  placing  it  in  a  capsule  of  platinum,  pouring  upon  it  h1- 
phUric  acid,  evaporating  to  dryness,  and  heating  the  dry  mui 
to  dull  redness.  100  grains  of  this  dry  sulphate  of  tnftgoe^i 
indicate  94  of  muriate  of  magnesia;  hence  the  water  under 
examination  would  have  given  5,33  grains  =  5  grains  of  maiicte. 
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If  the  alcoholic  solution  contain  muriate  of  lime,  that  earth 
must  be  previously  separated  by  oxalic  acid ;  and  100  parts  of 
oxalate  of  lime  are  equivalent  to  85  of  dry  muriate  of  lime. 

xvi.  The  aqueous  solution  of  the  residue  (c.  xi.)  being 
divided  into  two  portions,  let  us  suppose  the  portion  a  xi.  to 
afford  8y5  of  chloride  of  silver,  which  indicates  of  sea-salt  3,5 
grains  =  7  grains  in  the  pint. 

xvii.  Let  us  assume,  that  the  precipitate  of  sulphate  of  baryta 
b  xi.  weighs  15  grains,  indicating  of 

Sulphuric  acid 5,1  grains. 

The  process  directed  in  xi.  furnishes  of 

Sulphate  of  magnesia 3,75  grains, 

which  contain  2,5  grains  of  sulphuric  acid,  and  which  deducted 
from  5,1  grains  leave  2,6  grains,  which  are  adequate  to  the 
formation  of 

Sulphate  of  soda 4,65  grains. 

So  that  the  pint  (the  water  having  been  divided  into  two  equal 
portions)  would  contain  of 

Sulphate  of  magnesia  3,75  X  2  ss  7,5  grains. 
Sulphate  of  soda    •  .  4,65  x  2  =  9,3  grains. 
xviii.  The  addition  of  oxalate  of  ammonia,  or  oxalic  acid,  to 
a  pint  of  the  boiled  water  (xii.)  furnishes  a  precipitate  of  4,7 
grains  of  oxalate  of  lime,  indicating  of 

Sulphate  of  lime    • 5  grains. 

xiz.  To  give  a  general  view,  therefore,  of  the  components  of 
the  roiaeral  water  which  has  thus  been  examined,  we  should 
place  tbem  as  follows : —  ^      , 

•     ^^  ,  ,  ,  General  view 

One  wine  pint  contains  of  the  co&- 

Cubic  ioehei. 

Carbonic  acid 11 

Nitrogen 1 

Gaseous  contents 12 

Onins. 

Carbonate  of  lime 2,20 

Carbonate  of  iron ^  .  •  .  •  2,40 

Carbonate  of  magnesia 2,10 

Muriate  of  magnesia 5,00 

Sea  salt 7,00 

Sulphate  of  magnesia 7,50 

Sulphate  of  soda 9,30 

Sulphate  of  lime 5, 

Aggregate  weight  of  solid  contents    40,50 

XX.  Besides  the  substances  now  enumerated,  and  which  mav  ^"*»*^'»«*f, 
be  considerea  as  the  most  frequently  occurring  ingredients  in  presenu 
mineral  waters,  there  are  others  occasionally  present  of  which 
the  following  is  an  enumeration,  with  the  best  methods  of  de- 
tecting them : 

a.  Carbonate  of  soda  is  known  to  exist  in  water,  when,  after  c.Aonaie  of 
having  been  boiled   down  to  half^  its  bulk,  and,   if  necessary,  ***'**• 
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fihflred,  it  reddens  turmeric  paper,  and  restores  the  blue  of  lit- 
mus reddened  by  vinegar;  it  also  affords  an  effervescent  pre- 
cipitate with  nitrate  of  baryta,  soluble  in  dilute  nitric  acid. 
This  carbonate  is  incompatible  wiih  the  soluble  sails  of  lime. 

Muriate  of  lime  may  also  be  used  to  delect  the  alkaline  ear- 
bonales,  with  which  it  affords  a  precipitate  of  carbonate  of  lime. 
Carbonate  of  soda  is  distLus;uished  from  thai  of  potassa,  by  the 
latter  afforiiinK  a  precipitate  in  neutral  muriate  of  platinum, 
which  the  former  does  not.  Carbonate  of  ammonia  is  obviously 
discoverable  by  its  smell,  when  acted  on  by  caustic  iixed  alkali 
or  lime 

b.  Silica  is  detected  by  evaporating  the  water  to  dryness,  and 
boiling  the  residue  in  dilute  muriatic  acid.  The  silica,  if  pre- 
sent, remains  as  a  white  powder  not  altered  by  a  red  hest,  but 
instantly  fusing  with  a  particle  of  carbonate  of  soda. 

c.  Boracie  acid  and   borax   have  been  found  in  certain  lakes 
d-  in  India,  and  in  some  pans  of  Italy.     To  detect  boracie  acid, 

evaporate  to  onc-cis;hth  the  original  weight  of  water,  and  add 
carbonate  of  soda  as  long  as  it  occasions  any  precipitate;  boil 
and  hlter.  The  filtered  liquor  will  contain  borate  of  soda,  «ritb 
some  other  salts  of  the  same  basis  ;  evaporate  to  dryness  in  a 
platinum  crucible,  and  digest  the  residue  in  three  or  four  parts 
of  sulphuric  acid,  diluted  with  its  bulk  of  water.  If  boracie 
acid  be  present,  it  will  separate  in  micaceous  crystiils. 

d.  Alumina  has  been  found  in  a  few  mineral  waters  in  the 
state  of  a  sulphate.  It  may  be  separated  by  the  followmf;  pro- 
cess :  Evaporate  to  dryness,  digest  in  nlcohol,  and  re-dissolve 
the  residue  in  eight  parts  of  water;  hiter  and  add  oxalic  acid, 
which  throws  down  lime,  and  which,  being  separated,  leaves 
magnesia  and  alumina  in  solution.  Carbonate  of  ammonia 
throws  down  the  alumina  and  leaves  the  magnesia. 

Pure  ammonia  throws  down  both  alumina  and  magnesia. 
These  earths  may  be  separated  by  solution  of  potassa,  which  dis- 
solves the  former  but  not  the  latter. 

e.  iVl.inganese  is  sometimes  found  in  water,  but  only  in  very 
small  proportion,  so  as  not  to  amount  to  more  than  a  trace, 
Dr  Scudamore  found  a  trace  of  manganese  in  the  waters  of  Tun- 
bridge  Wells,  and  it  has  never  been  discovered  in  larger  pro- 
portion. 

/.  It  has  been  said  that  certain  nitrates  are  occasionally  pre- 
sent in  water,  but  such  solutions  can  scarcely  be  called  mineral 
walers.  If  nitrate  of  lime  be  present,  it  will  be  taken  up  from 
the  residue  of  evaporation  by  alcohol,  and  may  be  decomposed 
by  carbonate  of  potassa,  so  as  to  afford  carbonate  of  lime  and 
crystals  of  nitre. 

g.  It  sometimes  happens  that  water  contains  lead,  which  may 
be  detected  bv  evapoiation  to  one-eighth  its  bulk,  adding  a  fen 
drops  of  nitric  acid,  and  then  hydriodate  of  potassa,  which  gives 
a  yellow  insoluble  precipitate ;  and  hydrosulphurel  of  ammonia, 
which  forms  a  deep  brown  or  black  cloud.     These  precipitates 
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may  be  reduced  by  heating  them   before  the  blow-pipe  upon 
charcoal,  mixed  with  a  little  black  flux. 

A.  If  vegetable  or  animal  matter  be  contained   in   water,  it  v«ret«bi« 
gives  it  a  brown  colour,  especially  when  evaporated.     It  may  be  "•»**"'"** 
destroyed  in  the  dry  residue  by  igniting  it  with  a  small  addition 
of  nitrate  of  ammonia. 

The  following  analyses  of  mineral  waters  may  be  advan- 
tageously consulted  by  the  student,  as  containing  a  variety  of 
useful  details  which  are  necessarily  omitted  in  the  above  obser- 
vations:— Jinalysis  of  the  Hot  Sprins^s  at  Bath  by  Richard 
Phillips,  Esq.  •Analysis  of  ike  Brighton  Chalybtait^  by 
Dr  Mabc£T.  Analysis  of  iht  Tunbridge  Wells  Waters  by 
Dr  ScuDAMORE.  Mr  Children's  Translation  of  Tbiavard^s 
Masay  on  Chemical  •/Analysis,  chap,  vi.* 

*  Dr  Monmj,  of  Bdiobiirf  b,  remarks  that  all  raiDeral  wat^n  are  either  MUne,  or  may  be  reduced  Dr  Murray** 
■ndsr  that  dirisioo,  by  expelliafc  any  exceu  of  carbosir  acid  by  heat,  expelliDg  or  decompotin;  sol*  method. 
phnretled  hydtogen  in  like  manner,  or  remoTing  iron  by  appropriate  methods.    He  then  gires  agen- 
eral  fbrninla  tor  the  analysis  of  miooral  wators.  as  follr^ws : 

1.  RsdoM  the  wmtfr  by  oTaporataon,  as  far  aa  can  be  done  without  occasioning  any  sensible 
prtei^tatioa  or  crysCatliaatioa. 

%  Add  to  tho  water,  thus  concentrated,  a  saturated  solution  of  muriate  of  baryta  as  long  as  any 
proeipHatiaB  it  prodocod,  taking  care  to  avoid  addin^r  an  excess.  By  a  previous  experiment,  let  it  bo 
aaeerlainod  vbether  this  precipitate  rlTerTesecs  or  not  with  dilated  muriatic  acid,  and  whether  it  is 
•atiiolf  tfis«hro4 :  if  it  is,  tho  precipitate  is  of  eoorte  carbonate  of  baiyta,  the  weight  of  which,  when 
it  u  drio4»  gtvoi  tho  quantity  of  carbonic  acid;  lOO  grains  containing  '28  of  acid.  If  it  do  not  effer- 
▼esco.  It  is  tidphato  of  baryta,  the  weight  of  which,  in  like  manner,  gives  the  quantity  of  sulphuric 
adid  i  lOOgr^as,  dried  at  a  low  red  hrat,  containing  34  of  acid.  If  it  efierresce,  and  is  partially  dis* 
■olrodt  itooiittsif  both  oarbonate  and  sulphate.  To  ascertain  the  proportion  of  these,  let  the  pre- 
eipitato  bm  dried  at  a  heat  a  little  ioferior  to  redness,  and  weighed ;  then  submit  it  to  the  action  of 
dilato  aunnlic  acid ;  after  this,  wash  it  with  water,  and  dry  it  by  a  similar  beat,  its  weight  will  give 
tbo  qoantity  of  lulphate,  and  the  loss  of  weight  that  of  the  carbonate  of  baryta.— By  this  operation 
Ibo  cafboofe  and  solphnric  acids  are  entirely  renMved,  and  the  whole  salts  in  the  water  are  converted 
into  Boriatei ;  it  remains,  therefore,  first  to  discover  and  estimate  the  quantities  of  the  bases  present 
and  then,  to  oonplcte  tb^  analysis,  to  find  the  quantity  of  muriatic  acid  originally  contained. 

9.  Add  to  the  clear  liquid  a  saturated  solution  of  oxalate  of  ammonia  as  long  as  any  turbid  appear- 
aoco  is  pcodoeed.  The  lime  will  be  thrown  down  in  the  state  of  oxalate.  The  precipitate  being 
washed,  may  bo  dried ;  but  at  it  ca:  not  be  exposed  to  a  red  heat  without  decomposition,  it  can 
seareely  be  brought  to  any  uniform  state  of  dryness  with  sufficient  aceoracy  to  admit  of  the  quantity 
of  liow  being  estimated  from  its  weight ;  it  is,  therefore,  to  be  calcined  with  a  low  red  heat,  by  which 
it  is  lo  be  converted  into  carbonate  of  lime,  100  grains  of  which  are  equivalent  to  56  of  lime.  But  as  a 
portioo  of  caibonic  acid  may  be  expelled  if  the  heat  is  raised  too  high,  or  a  little  water  retained  if  it 
is  not  high  eaooghi  it  is  proper  to  convert  it  into  sulphate,  by  adding  sulphuric  acid  to  a  slight  excess, 
and  then  expose  it  to  a  full  red  heat.  The  dry  sulphate  of  lime  will  remain,  100  grains  of  which  con- 
lain  41,5  of  line. 

4i  To  the  clear  liquid  poured  off  after  the  precipitation  of  the  oxalate  of  lime,  heated  to  100^,  and. 
if  nefteatary,  reduced  by  evaporation,  add  a  solution  of  carbonate  of  ammonia ;  and  immedi^itely  drop 
in  a  ttiwig  solution  of  phosphoric  acid  or  phosphate  of  ammonia,  entirely  Irce  from  any  im-pregnation 
of  lime.^eeotinujng  this  addition  with  fresh  portions,  if  necessary,  of  carbooHie  of  ammonia,  so  as  to 
proforve  an  excess  of  ammonia  in  the  liquid  as  long  as  any  precipitation  is  produced.  Let  the  precip- 
tate  be  waahed  s  when  dried  by  a  beat  not  exceeding  100",  it  is  the  phosphate  of  ammonia  and  oiag- 
aeaia,  coatsJoing  0,019  of  this  earth ;  but  it  'is  belter  to  convert  it  into  pitosphate  of  magnesia  by  calci- 
oatioo  lor  ao  hour  at  a  red  heat :  100  grains,  then,  contain  40  of  magnesia. 

6.  Evaporate  the  liquid  remaining  after  the  preceding  operations  to  dryness,  and  expose  the  dry 
matt  to  heat  as  long  as  any  vapours  exhale,  raising  it  towards  the  end  to  redness.  The  renidual  matter 
it  fliariate  of  loda,  100  grains  of  which  are  equivalent  to  53,3  of  soda  and  46,7  of  muriatic  acid. 

6.  Cofabine  the  elements  obtained  by  the  analysis  (taking  the  quantity  of  muriatic  acid  existing  in 
Ae  moriate  of  soda),  in  binary  combinations,  according  to  the  known  proportions  in  which  they  unite  : 
the  excess  or  deficiency  of  muriatic  acid  will  then  appear;  and  the  amount  of  the  eicess  being  sub- 
tracted from  the  quanti^  of  muriatic  acid  cootai^din  the  muriate  of  soda  obtained,— >or  the  aro6i«lof 
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1770.  Vkgetable  subsiances,  (hough  distinguished  frDm 
each  oiher  bj-  peniliar  charaeierB,  present  several  circunuUnces 
of  a);rcem(.'nt  ua  to  chemical  properties.  Okygen,  hytlttif;en, 
aJid  carbon  are  their  principiil  ingredients,  to  which  a  ceruio 
proportion  of  nitrogpn  is  soniflimea  added  ;  and  Turialioiu  in 
the  proporlions.  and  mode  of  combination,  of  these  eiementl, 
occasion  the  great  diversity,  which  subsists  amoo)^  the  pr9- 
diicls  of  (lie  vei;elablc  kingdom.  They  arc  all  susceptible  of 
decomposition  by  heat  alone;  but  we  cannot  always  as  in  bodiei 
of  the  mineral  kingdom,  proceed  from  a  knowled)!^  of  their 
romponeniH  to  the  actual  formation  of  the  subsiances  iheroselTCi. 
ll  (s  nol  probable,  indeed,  that  we  shall  ever  attain  the  power 
of  imilating  nature  iu  these  operations.  For  in  the  functions  of 
a  living  plant,  a  direciiTig  principle  appears  to  be  concerned, 
peculiar  to  animated  bodies,  and  sujierior  to,  and  differing  from, 
ttie  cause  which  has  been  termed  chemical  affinity. 

1771.  The  distinction  (as  has  been  well  observed  by  Berieliust) 
between    inorganic    and   organic  compounds  appears  to  be  ihis. 

'  The  inorganic  are  composed  ci'hur  of  combustible  bodies  only, 
or  of  one  or  more  of  those  bodies  in  the  state  of  oxides.  When 
consliluled  of  the  latter,  each  combustible  base  is  united  with 
a  portion  of  oxygen,  which  belongs  exclusively  to  it,  and 
which  accompanies  it,  when  it  is  detached  from  combination. 
If,  for  eKamplc,  we  resolve  sulphate  of  potassa  into  its  imme- 
diate |)rinciples,  the  oxygen,  which,  with  the  sulphur  coDSti- 
tules  sulphuric  acid,  and  that,  which  exists  in  poiassa,  remain 
attached  to  the  combustible  bases,  sulphur  and  potassium. 
But  in  organic  compounds  containing  oxygen  as  an  elemenlf 
we  have  two  or  more  combustible  bases,  united  to  one  portion 
of  oxygen,  which  cannot  be  said  to  belong  more  to  the  one  base, 
than  to  the  other;  and  which  would  not  suffice  to  bring  any 
one  of  those  bases  to  its  maximum  of  oxidation. 

1772.  The  productions,  of  which  the  chemical  history  is  sbout 
to  be  offered,  may  be  regarded  aslhe  immediate  or proximaU 
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principles  of  vegetables ;  for  we  may  presume,  generally  speak- 
ing, that  they  exist  in  the  living  plant  in  a  stale  indenlical  with 
that,  under  which  chemical  processes  exhibit  them.  It  is  not 
so  when  we  proceed  to  the  ultimate  analysis  of  vegetables ;  ir]t',„,»u 
for,  in  that  case,  we  obtain  compounds,  which  formed  no  part  of  *•"•'>>»»• 
the  vegetable  structure,  and  which  result  from  an  entirely  new 
arrangement  of  the  elements  composing  it.  Acetic  and  carbonic 
acids,  for  example,  are  obtained  by  the  destructive  distillation 
of  several  vegetable  substances,  in  which  neither  of  those  acids 
existed  ready  formed,  but  only  their  elements. 

1773.  The  destructive  distillation  of  vegetables,  or  the  sub- 
jecting them  to  the  action  of  heat  in  close  vessels,  with  a  view  to 
collect  both  the  condensible  and  aeriform  products,  was,  until 
within  a  few  years  past,  the  only  method  employed  to  determine 
the  proportion  of  their  ultimate  elements  ;  but  more  refined  and 

¥»rfect  modes  of  analysis  were  introduced  by  Gay-Lussac  and 
henard,  which  have  afforded  results  much  more  deserving  of 
confidence.*  The  object  of  these  improved  processes,  which  are 
equally  applicable  to  vegetable  and  animal  substances,  is  to  con- 
vert the  whole  of  the  carbon  into  carbonic  acid,  and  the  whole 
of  the  hydrogen  into  water,  by  means  of  some  compouncT  con- 
taining oxygen  in  so  loose  a  state  of  union,  as  to  give  it  up  to 
those  bases  at  the  temperature  of  ignition.  The  following  illus- 
trations are  intended  to  explaiil  the  rationale  of  the  process. 


SxcTioN  I.     Of  the  Analysis  of  Organic  Substances- 

1774.  i.  If  we  have  charcoal  only,  mixed  with  incombustible 
matter,  and  wish  to  determine  its  quantity,  all  that  is  necessary  charcoal 
is  to  expose  a  known  weight  of  the  substance  under  examina-  buJSbi«*ro«- 
tion,  in  a  state  of  perfect  mixture  with  a  fit  oxide,  to  a  red  heat,  ter. 
and  to  collect  the  carbonic  acid.     From  the  volume  of  this  gas, 
its  weight  may  be  easily  calculated  (82);  and  of  this  weight  six 
parts  in  22  are  pure  carbon. 

ii.  Let  us  next  suppose  that  we  are  operating  on  a  com- 
pound of  charcoal  with  hydrogen.  This,  if  solid,  must  be  cbareoMaDj 
mixed  with  an  excess  of  the  oxidated  substance  which  is  em-  M™K«n- 
ployed,  and  the  carbonic  acid  collected  as  before.  Calculating, 
by  the  same  method,  the  quantity  of  charcoal  which  it  con- 
tains, we  obtain  the  weight  of  one  element  of  our  unknown  com- 
pound ;  and  this,  deducted  from  the  weight  which  was  submit- 
ted to  experiment,  gives  the  weight  of  the  remaining  element, 
hydrogen.  To  attain  greater  certainty,  the  water,  which  is 
formed,  may  be  actually  collected  by  a  proper  addition  to  the 
apparatus,  either  at  the  same  operation  with  the  carbonic  acid, 
or  at  another,  performed  expressly  for  the  purpose.  Of  this 
water,  one  part  in  nine  is  hydrogen.  The  carbon,  calculated 
from  the  carbonic  acid,  and  the  hydrogen  from  the  water,  should 
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together  make  up  precisely  the  weight  of  the  compound  oa 
which  we  have  oper.-ited. 

iii.  A  third  case  may  he  supposed,  in  which  carbon  and  hydro- 
gen are  united  with  oxygen,  hut  yet  not  with  enough  to  con- 
vert them  entirely,  at  a  high  temperature,  into  carbonic  acid 
and  water.  In  this  case  the  first  steps  of  the  operation  are  the 
Game  as  before.  But  on  summing  up  the  results,  the  weight  of 
the  carbon  and  hydrogen,  discovered  in  the  products,  will  be 
found  to  fall  short  of  the  weight  of  the  substance  submitted  la 
experiment.  If  no  other  product  has  been  formed  besidef 
water  and  carbonic  acid,  the  deficiency  may  safely  be  placed  la 
the  account  of  oxygen.  For  example,  if  from  10  i^raiiis  of  a 
supposed  compound  of  hydrogen  and  carbon,  we  obtain  by 
ignjiion  with  an  oxide,  23  grains  of  carbonic  acid  and  9  grsins 
of  water,  these  are  equivalent  to  6  grains  of  carbon  and  1  of 
hydrogen  :  but  6+1^7  leave  a  deficiency  of  3  grains,  which 
may  be  inferred  to  be  oxygen.  To  verify  this  conclusion,  if  at 
all  doubtful,  it  msy  he  proper  lo  examine  what  quantity  of  oxy- 
gen ha»  been  lost  by  the  oxide  employed  to  enect  decompoii- 
tion  ;  and  if  this  fall  short  of  the  oxygen  contained  in  the  car- 
bonic acid,  and  in  the  water,  then  the  quantity  required  lo  make 
up  the  sum,  must  have  previously  existed  in  the  subject  of 
analysis.  For  instance,  in  the  supposed  case,  we  find  18  gnini 
of  oxygen  in  the  carbonic  acid  and  8  in  the  water  oblaioed, 
together  24  ;  but  if  the  oxide  can  be  shown  by  experjmeut,  to 
have  lost  only  21  grains,  we  may  safely  conclude  that  3  graim 
pre-existed  in  the  compound. 

iv.  In  a  few  vegetable  substances,  and  in  almost  all  animal 
-  ones,  besides  carbon,  hydrogen,  and  oxygen,  azote  or  nitrogen 
'■  exists  as  a  component,  anil  its  quantity  requires  to  be  deter> 
mined.  With  a  proper  attention  to  the  details  of  the  process, 
this  fourth  element  may  be  obtained  in  the  state  of  a  gas, 
which  remains  after  absorbing  the  carbonic  acid  by  aolutioa 
of  potassa,  and  the  oxygen  (if  any)  by  a  fit  agent.  From  the 
volume  of  the  gas,  its  absolute  weight  may  easily  be  calculated. 
{83). 

1775.  Such  is  an  outline  of  the  process  employed  for  the  dfr 
i-  composition  of  vegetable  and  animal  substances,  divested  of  all 
'  details  for  the  purpose  of  rendering  its  objects  and  results  more 
intelligible.  These  details,  however,  are  of  considerable  im- 
portance in  practice,  and  will,  therefore  be  presently  staled  at 
length.  It  may  be  proper,  however,  first  to  remark,  that  all  tbs 
analyses  which  have  been  thus  performed,  and  which  are  worthy 
of  confidence,  conspire  to  prove  that  the  elements  of  orj^nized, 
like  those  of  inorganic  matter,  are  united  in  definite  propor- 
tions; and  farther,  that  the  law  of  simple  multiples  holds  strictly 
with  respect  to  the  elements  of  organic  bodies.  We  may 
derive,  therefore,  as  has  been  well  observed  by  Dr  Prout,  the 
most  valuable  assistance  in  our  researches  into  orgaoic  com- 
pounds, from  the   use  of  Dr   Wollastou's  scale  of  chemical 
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equivalents.*  To  fit  it  for  this  purpose  he  recommends  that  it  DrWoiks- 
be  extended  a  little,  by  pasting  two  slips  of  drawing  paper  on  its  ^^uyhT*u*ti.. 
edgeSy  of  such  a  breadth  as  just  to  lap  over  and  cover  the  mar- 
gins containing  the  names  of  the  chemical  substances  generally 
marked  upon  it,  and  to  coincide  with  the  graduated  edges  of  the 
slide.  On  these  slips  of  paper  are  to  be  marked  the  multiples 
of  an  atom  of  oxygen,  hydrogen,  and  carbon,  from  one  to  ten; 
ind  of  azote  from  one  to  four  or  five  or  more.  Thus  prepared, 
it  will  be  easily  applied,  by  all  who  are  acquainted  with  the 
principle  of  the  instrument,  to  the  purposes  of  facilitating  and 
verifying  analyses,  the  results  of  which  can  only  be  correct 
When  they  agree  with  some  of  the  proportional  numbers, 
marked  upon  the  scale.  For  example,  an  analysis  showing  48 
parts  of  oxygen,  6  of  hydrogen,  and  36  of  carbon,  in  a  vege- 
table compound,  or  quantities  proportional  to  thes6,  agrees 
with  six  atoms  of  each  of  those  elements.  But  such  an  alter- 
ation of  any  of  those  numbers  as  would  indicate  the  fraction 
of  an  atom  (the  reduction  of  the  carbon,  for  instance,  to  34) 
would  be  inconsistent  with  the  law  of  simple  multiples,  and 
would  suggest  the  necessity  of  a  fresh  appeal  to  experiment. 

1776.  The  agent,  first  employed  by  Gay  Lussac  and  The-  G.T-LoMac 
nard  in  the  combustion  of  orsranic  substances,  was  the  chlo-  '^^Jt^^-  ^ 
rate  of  potassa  (827),  applied  by  means  of  an  ingenious  appa-  od. 
ratus,  which   is  described  in  the  second  volume  of  their  Re- 
eherckes  Physicochimiques^  and  also  in  Mr  Children's  trans- 
lation of  Thenard   on    Chemical   Analysis.     For   chlorate  of 
potassa,  6ay-Lussac  afterwards  substituted  the  peroxide  o/ cop- 
per, which,  being  found  to  a£ford  more  accurate  results,  with  a 

less  complicated  apparatus,  and  fewer  difficulties  of  manipula- 
tion, is  now  generally  preferred,  especially  in  the  analysis  of 
animal  compounds.  Peroxide  of  copper  may  be  prepared  for 
this  purpose  by  calcining  on  a  muffle  the  scales  or  filings  of 
that  metal,  pulverizing  them  repeatedly,  and  again  spreading 
them  on  the  muffle ;  or  by  calcining  the  nitrate  of  copper  at 
a  low  red  heat.  Several  variations  in  the  method  of  proceed- 
ing have  been  recommended  by  difierent  experimenters.  Tl^ 
tube,  for  containing  the  mixture  of  the  oxide  and  body  to  be 
analysed,  is  by  some  preferred  of  copper,  by  others  of  glass  ; 
and  the  heat  has  been  applied,  either  by  encompassing  the 
tobe  with  burning  charcoal,  or  with  the  flame  of  a  spirit  lamp. 
Glass  tubes  of  about  l-3d  of  an  inch  bore,  or  of  a  diameter 
adapted  to  the  quantity  operated  upon,  seem,  on  the  whole,  to 
be  preferable  to  metallic  ones  ;  and  the  heat  of  a  spirit  lamp, 
used  iD^the  most  improved  manner,  appears  to  be  adequate  to 
effect  a  complete  decomposition  of  most  vegetable  and  animal 
compounds. 

1777.  If  the  substance  be  a  solid,  from  3  to  5  grains  carefully  ^^m*- 
dried,  (which  is  best  done  by  placing  it  in  fine  powder  under 
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31)  exhausted  receiver  along  with  sulphuric  acid,)*  are  lo  be 
triturated  in  a  giass  or  porphyry  niorlar,  lirsl  by  themselves, 
and  then  with  120  to  200  ^raitis  of  the  peroxide  of  copper, 
added  by  dej^t^es,  &o  that  llie  substance  and  Ihe  oxide  may  be 
thoroui^hly  incorporated.  This  mixture  must  he  Lransferreil, 
with  the  most  scrupulous  care  to  avoid  loss,  into  the  glasi 
lube,  and  a  little  more  of  the  protoxide  must  be  triturated  in 
the  mortar,  to  collect  any  remains  of  the  substance  under 
analysis,  and  then  added  to  the  contents  of  the  tube.  Over 
theiie,  20  or  30  grains  of  the  peroxide  may  be  placed  ;  and 
the  remainder  of  the  tube  may  be  filled  with  perfectly  dry 
amianlhiis.  The  peroxide  should  either  have  been  recently 
cooled  from  a  state  of  ignition,  or,  as  advised  by  Dr  Ure. 
have  been  sufiered  to  imbibe  all  the  moisture  it  is  capablstf^ 
absorbing  from  the  air,  and  assayed  fur  the  quantity,  whi 
in  that  case,  must  be  deducted  from  the  loss  of  weight, 
tained  by  the  peroxide  in  the  experiment.  To  operate  oa 
fluid,  Dr  Ure  incloses  it  in  a  small  glass  bulb  capable  of  hol^ 
three  grains  of  water,  and  having  a  small  pointed  oridce.  Ilif 
easy  to  fill  such  a  bulb  by  first  expelling  the  air  from  it  by  ti 
and  then  immersing  its  orifice  in  the  liquid.  The  bulb  t 
filled,  and  carefully  weighed,  is  to  be  placed  at  the  bottom  | 
the  tube,  and  covered  with  the  requisite  quantity  of  Ihe  peraj 
tde  of  copper.  In  all  cases,  the  tube,  with  its  contents,  sboulft' 
be  accurately  weighed,  and  its  weight  registered. 

For  the  purpose  of  applying  heat  to  the  lube,  and  obtaining 
the  gaseous  products  with  only  a  small  quantity  of  mercury,  aii 
useful  apparatus  has  been  contrived  by  Dr  Prout.  fig.  ISl-t 
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By  the  apparatus  of  Dr  Prout,  a  part  only  of  the  tube 
•Dd  its  contents  can  be  heatciJ  at  once.  This  is  of  little  con- 
sequence when  soliil  botlics  arc  acted  upon;  but  in  Ihe  de- 
composition of  liquids,  or  of  solids  yielding  liquid  products, 
it  13  desirable  lo  if^nite  a  greater  length  of  the  lube  at  a  lime. 
To  effect  this,  Mr  Cooper,  of  Lambeth,  employs  a  lamp,  which  ^^^^^  ^ 
appears  to  be  very  well  adapted  to  the  purpose.  It  is  of  tin,  in  .pi.raiai 
the  shape  of  a  parallclopipecl,  8  inches  long  and  1}  square,  with 
5  flat  wick-holders  fixed  at  equal  distances  and  at  a  small  angle 
with  its  upper  surface,  each  wick-holder  being  half  an  inch  broad 
and  3-8ths  of  an  inch  high.  Of  these  lamps  two  are  necessary, 
■nd  tliey  are  placed  in  a  small  tin  tray  which  is  raised  on  four 
j'eet,  and  has  a  longitudinal  slil  in  the  middle  7^  inches  long 
and  3-Slhs  of  an  inch  wide.  On  this  tray  the  lamps  are  placed 
with  their  wicks  opposite  to  each  other ;  and  ihe  lube,  con- 
taining the  mixture  to  be  decomposed,  which  is  of  green  glass, 
sealed  hermetically  at  one  end,  from  10  to  14  inches  long,  and 
about  the  diameter  of  a  small  quill,  is  placed  horizonlnlly  over 
Ihe  wicks  at  a  suitable  distance,  one  end  of  the  tube  having 
been  first  bent  by  a  lamp  into  such  a  form,  that  its  open  extrem- 
ity can  be  pUceil  under  a  jar  invcrled  in  mercury.  It  is  easy, 
by  lighting  one  or  more  wicks,  and  altering  the  distance  of  the 
flames  from  the  tube,  and  of  the  lamps  from  each  other,  lo 
modify  the  application  of  the  heat  as  the  circumstances  of  the 
experiment  may  require.  The  alcohol,  lo  prevent  its  loo  rapid 
combustion,  Mr  Cooper  dilutes  with  water  lo  the  sp.  gr.  of 
abuul  ,S60. 

It  would   not  be  difRcult  to  combine  in  one  apparatus,  the  b,^  h<i««i 
advantages  of  Dr  Proul's   method   of  operating  with    those  of '■i"'"!,''"'' 
Mr  Cooper's  mode.     To  effect  this  the  open  extremity  of  ihe    ""  '' 
tube,    placed    horizontnlly  over  the  wicks  of  the  spirit  lamps, 
might  be  admitted  into  the  hole  at  the  bottom  of  the  mercurial 
cistern.     The  only  disadvantage  of  this  method  of  proceeding 
would  be  that  the  open  extremity  of  the  distilling  tube  being 
bent,  the  contents  of  the  tube  could  not  be  got  out,  for  a  second 
trituration  and  ignition,  without  breaking  it,    an  inconvenience 
which  does  not  exist  when  a  straight  tube  is  employed  as  in 
Dr  Front's  apparatus. 

177S.  Those,  who  prefer  employing  the  heat  of  charcoal,  will 
find  the  description  of  an  apparatus,  contrived  by  Dr  Ure  for  that 
purpose,  in  Ibe  Phil.  Trans,  for  1832,  p.  4C0.  From  observa- 
tion, however,  of  the  effects  of  the  heal  obtained  by  the  combui- 
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lion  *of  alcohol,  it  appears  lo  be  fully  sufficient  with  the  aJvan- 
tage  of  being  hiuch  more  manageable  than  that  of  a  charcoal  fur- 
nace. 

1779.  Thewholeoftheoperations,  connected  with  the  ultimate 
analysis  of  vegetable  and  animal  substances,  require  considera- 
ble >kill  ;  and  some  practice  in  them  is  necessary  to  enable  a 
person,  who  is  even  conversant  in  the  general  processes  of 
chemistry,  to  obtain  accurate  results,  A  single  experimeol 
Bhouhl  never  be  depeiided  upon;  but  the  analysis  of  each  sub- 
stance should  be  several  limes  repealed,  and  a  mean  taken,  of 
those  which  do  not  present  any  very  3lrik(n<;  disagreement, 
excluding  those  results  which  vary  so  much  from  ihp  average, 
as  lo  lead  to  a  suspicion  of  some  failure  in  the  manipulations. 
'  1780.  It  may  sometimes  perhaps,  on  a  first  view,  exciie  suspi- 
cion of  the  competency  of  these  methods  of  ultimate  analysis  to 
afford  accurate  results,  when  we  remark  the  very  near  coin- 
cidence not  only  with  respect  to  the  kind,  but  even  to  the  pTO- 
porlions  which  have  been  thus  deduced,  of  the  elements  ol  sub- 
stances, differing  essentially  as  to  their  chemical  and  sensible 
properties.  In  the  instances  of  gum,  sugar,  and  starch,  the  dif- 
ferences of  composition,  discovered  by  (he  experiments  of  Gay- 
Lussac  and  Thenard,  are  so  extremely  small,  as  not  to  indicate 
any  difference  either  of  the  kind  or  the  number  of  elementary 
atoms.  The  results,  however,  are  not,  in  this  or  similar  cases, 
to  be  pronounced,  for  that  reason  only,  to  be  inaccurate!  '^"r  il 
is  probable  that  in  vegetable  substances  it  is  not  only  the  num- 
ber and  kind  of  the  respective  atoms,  but  the  mode  of  their 
arrangement,  which  occasions  their  distinctive  characters. 
This  view  of  the  subject  is  confirmed,  when  we  observe  the 
important  changes  in  the  properties  of  vegetable  substances,  and 
the  convertibility  of  tliose,  which  appear  so  nearly  allied,  iolo 
each  other,  by  slight  causes,  such  as  alterations  of  temperature, 
or  weak  chemical  agents. 


1781.  From  a  review  of  their  experiments  on  the  analyaisof 
'egetable  substances,  Gay-'  ' 

lowing  general  conclusion: 


vegetable  substances,  Gay-Lussac  and  Thenard  deduced  the 


sol     I 


I.  A  vegetable  substance  is  always  acid,  when  the  oxygen 
which  it  contains,  is  to  the  hydrogen,  in  a  proportion  greater 
than  is  necessary  to  compose  water, 

II.  A  vegetable  substance  is  always  resinous,  or  oily,  or  alco- 
liolic,  Sic.  when  the  oxygen,  contained  in  it,  is  to  the  hydrogen, 
iu  a  less  proportion  than  in  water. 

HI.  A  vegetable  substance  is  neither  acid  nor  resinous,  but 
in  a  stale  analogous  to  sugar,  gum,  starch,  lignin,&c.  whenever 
oxygen  and  hydrogen  enter  into  its  composition  in  the  same 
propoilions  as  in  water. 

Without  supposing  then,  that  oxygen  and  hydrogen  exist, 
as  water,  in  vegetables,  we  may,  for  Uie  sake  of  lUustralioo, 
coDsider  vegetable  acids,  as  constituted  of  carbon,  water,  and 
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oxygen  ; — the  resins,  alcohol,  ether,  &c.  as  composed  of  car- 
bon, water,  and  hydrogen ; — and  bodies  of  the  third  class,  as 
composed  of  carbon  and  water  only.  It  should  not,  however, 
be  omitted  that  some  exceptions  to  the  generality  of  these 
principles  have  been  pointed  out  by  Saussure,*  and  by  Mr 
Daniell.t 

1782.  The  products  of  the  vegetable  economy  are  either  situ- 
ated in  particular  organs  or  vessels,  or  are  distributed  throughout 
the  whole  plant.  Sometimes  they  reside  in  the  root  or  stalk ; 
at  others  in  the  bark  or  leaves ;  at  others  they  are  p>eculiar  to 
the  fruit,  the  flowers,  the  seeds,  or  even  to  peculiar  parts  of 
these  organs.  When  thus  insulated  they  may  readily  be  pro- 
cured in  a  separate  state;  and,  in  several  instances,  nothing 
more  is  required  than  the  labour  of  collecting  them.  Thus  gum 
exudes  from  some  trees,  and  manna  issues  from  the  branches  of  onranie  pro- 
others.  Sometimes,  however,  we  are  presented  with  a  variety  obuinedT 
of  substances  mingled  together,  and  requiring  separation  by 
processes  which  are  sufBciently  simple,  and  which  consist  in 
repose,  filtration,  pressure,  washing,  distillation  at   a   gentle 

heat,  solution  by  water  and  alcohol,  and  similar  operations,  that 
do  not  alter  the  nature  of  the  bodies  submitted  to  them. 

1783.  The  number  of  principles  which  have  thus  been  extract- 
ed  from  vegetables,  has  of  late  years  been  greatly  enlarged,  and 
amounts  at  present  to  upwards  of  forty.  Of  these,  the  greater 
part  are  certainly  entitled,  by  a  train  of  properties  sufficiently 
characteristic,  to  rank  as  distinct  compounds.  But  others  seem 
to  be  so  nearly  allied  to  substances,  with  which  we  have  long 
been  acquainted,  that  it  can  serve  no  useful  purpose  to  assign 
to  them  a  difierent  place  in  the  system.  The  unnecessary  mul- 
tiplication, indeed,  of  vegetable  principles  contributes  rather  to 
retard  than  to  advance  the  progress  of  this  difficult  part  of 
chemistry ;  and  it  is  only  in  cases  of  decided  and  unequivocal 
differences  of  qualities,  that  we  should  proceed  to  the  estab- 
lishment of  new  species. 


Section  II.     Gum. 

1784.  Gum  is  contained  in  considerable  quantities  in  the  sap 
of  many  vegetables,  and  frequently  appears  as  a  spontaneous 
exudation.  Gum  arable  may  be  taken  as  a  specimen  of  pure 
gum.  Its  specific  gravity  is  about  1,4.  It  has  a  slightly  ycl-  Prrpcriiei. 
low  tint,  and  is  translucent,  inodorous,  and  insipid.  It  dissolves 
in  water,  forming  a  viscid  solution,  or  fnucilage^  from  which 
it  may  be  obtained  in  its  original  state  by  evaporation ;  it  is 
insoluble  in  alcohol,  which,  therefore  causes  a  white  precipitate 
in  its  aqueous  solutions ;  it  is  also  insoluble  in  ether  and  oils  ; 
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it  undergoes  no  change  by  exposure  to  air,  and  its  aqueous  solu- 
tion does  not  ferment,  but  only  becomes  slightly  sour  when 
kept  for  a  long  time. 

1785.  Gum  is  decomposed  by  sulphuric  and  nitric  acids  :  the 
former  produces  water,  acetous  acid,  and  charcoal ;  the  latter, 
among    other  products,  converts  a  portion  of  the   gum  into  a 

*■  white  acid  substance,  called  Ihe  mucous  add,  and  which  is 
an.iliigoiis  to  ihal  obtained  from  sugar  of  milk,  or  saccholactte 
aciV.  under  which  head  lis  preparation  is  mentioned:  malic  and 
oxalic  acids  nre  also  formed. 

Dilute  sulphuric,  and  muriatic  acids,  dissolve  gum  without 
change. 

1786.  The  alkalies,  and  solutions  of  the  alkaline  earths,  also 
dissolve  gum,  and  the  addition  of  acids  occasions  its  partial  pre- 
cipitalion  wilhoul  having  undergone  much  apparent  alteralioa. 
It  combines,  with  a  few  of  the  other  metallic  oxides.  A  strong 
solution  of  permuriale  of  iron,  dropped  inio  a  concentraled 
mucilage,  forms  a  brown  Jelly  of  difficult  solubility.  Silicaied 
potassa  also  occasions  a  while  flaky  precipitate  in  dilute  muci- 
lage, and  is,  according  to  Dr  Thomson,  a  very  delicate  test  of 
gum.  By  mixing  caustic  ammonia  with  a  boiling  solution  of 
gum,  and  then  adding  subnilrale  of  lead,  Berzelius  obtained  a 
while  precipitate  {gummule  ofltad)  composed  of 

Gum 61,75  ^M 

Oxide  of  lead 38,85  ^H 

100.  ^* 

If  this  compound  be  regarded  as  consisting  of  1  proporlionsl 
fifgum,  and  1  of  oxide  of  lead,  the  number  ISl  might  be  assum- 
ed as  the  representative  of  gum,  for  3S,25  :  61,75  ::  112  :  180,8. 
But  if  we  consider  it  as  a  compound  of  2  of  gum  and  1  of  oxide, 
then  !»0,5  would  be  the  equivalent  of  gum,  aifli  the  following 
numbers  nearly  agree  with  its  composition,  as  deduced  from 
experiment.  ^h 

fi  Proportionals  of  oxygen       8x6  =  4S,0  =  53,3  ^^^| 

6 hydrogen    1x6=     6,0  =     6,8  ^H 

6  carbon        6  x   6  =  36,     =  40,       ^* 


90 


99,9 


1787.  Submilted  to  destructive  disliilalion,  gum  affords  car- 
'  bonic  acid  and  carbureited  hydrogen  gases,  empyreumatic  oil, 
water,  and  a  considerable  quantity  of  impure  acetic  acid,  once 
considered  as  a  peculiar  acid,  and  distinguished  by  Ihe  term 
pyromucnus  acid,  but  now  ascertained  lo  be  merely  the  acetic, 
holding  in  solution  a  portion  of  essential  oil,  and  some  ammo- 
nis,  which  last  is  disengaged  on  adding  lime. 

1783.  There  are  several   varieties  of  gum   diflTering  a  little 

"   from   each   other.     Cherry-tree  f^um,  and  gum   tragacanlh 

da  not  dissolve  ia  cold  water,  but  in  other  respects  their  pro- 


SUGAE.  463 

perties  resemble  those  of  gum  arable.     To  these  varieties  the 
generic  term  of  Cerasin  has  been  given  by  some  chemists. 

1789.  What  has  been  termed  vegetable  jelly j  is  obtained  >^J}f«^*« 
from  the  recently  expressed  juice  of  various  acid  fruits,  by  ^*  '' 
gentle  evaporation.  It  is  a  tremulous,  soft  coagulum,  almost 
colourless  after  it  has  been  well  washed,  and  of  an  agreeable 
sub-acid  taste.  In  cold  water  it  is  scarcely  soluble,  but  in  hot 
water  it  is  abundantly  dissolved ;  and  when  the  solution  cools, 
it  again  assumes  a  gelatinous  form.  By  long  boiling,  however, 
it  loses  this  property  of  coagulating;  hence  the  necessity,  in 
preparing  jelly  from  certain  Iruits,  of  not  submitting  the  ex- 
pressed juice  to  protracted  ebullition.  Its  solution  in  water  is 
precipitated  by  infusion  of  galls.  It  seems  probable  that  jelly 
is  merely  gum  combined  with  some  vegetable  acid ;  lor  by 
exposing  it  on  a  sievci  an  acid  liquor  drains  ofr,  and  a  hard 
transparent  gum-like  substance  remains. 


Section  III.     Sugar. 

1790.  Sugar  may  be  extracted  from  the  juice  of  a  number  pr«p.nitioa» 
of  vegetableSi  and  is  contained  in  all  those  having  a  sweet  taste; 

that  which  is  commonly  employed  is  the  produce  of  the  arundo 
sacchari/eraf  or  sugarcane,  a  plant  which  thrives  in  hot  cli- 
mates. Its  juice  is  expressed  and  evaporated  with  the  addition 
of  a  small  quantity  of  lime,  until  it  acquires  a  thick  consistency ; 
it  is  then  transferred  into  wooden  coolers,  where  a  portion  con- 
cretes into  a  crystalline  mass,  which  is  drained  and  exported 
under  tlie  name  of  muscavadOy  or  rauhsugar.  The  remaining 
liquid  portion  is  molasses^  or  treacle.  A  gallon  of  juice  yields 
on  an  average  about  a  pound  of  raw  sugar. 

1791.  The  juice,  which  flows  spontaneously  from  incisions 
made  io  the  American  maple-tree,  afibrds  a  quantity  of  sugar 
sufficient  to  render  it  a  process  worth  following.  Ripe  fruits 
contain  sugar  in  considerable  quantity,  and  by  long  keeping 
after  they  have  been  dried,  it  appears  in  a  granular  state, 
on  their  surface.  The  juice  of  the  carrot,  and  still  more 
remarkably  of  the  beet  {beta  vulgaris^  Linn.)  yield  a  conside- 
rable proportion  of  sugar.  To  obtain  it  from  the  latter  vegeta- 
ble, the  roots,  softened  in  water,  are  to  be  sliced;  and  the  juice 
expressed.  It  is  then  to  be  boiled  down,  with  the  addition  of  a 
little  lime,  till  about  two-thirds  remain,  and  afterwards  strained. 
These  boilings  and  strainings  are  repeated  alternately,  till  the 
liquid  attains  the  consistence  of  sirup,  when  it  is  leit  to  cool. 
The  sugar,  thus  extracted,  retains  somewhat  of  the  taste  of  the 
root;  but  it  may  be  purified  by  the  operation  used  for  the 
refining  of  West-India  sugar,  and  it  then  loses  its  peculiar  fla- 
vour.    The  quantity  obtained  varies  considerably  ;  but  in  gen- 


eral  it  may  be  stated  at  between  four  and  five  pounds  from  iOO 
pDunils  of  the  root,  besides  a  proporlion  of  unrry«ta)jizable 
sirup.  In  Germany  the  expense  has  been  calculaled  at  about 
three  pence  per  pound.* 

From  ihe  experiments  of  Prout,t  it  appears  that  a  coarse 
sugar  may  be  procured  from  grapes  at  a  trifling  expense.  In 
apples  and  pears,  in  the  juice  of  liquorice,  and  in  some  other 
veselable  juices,  sugar  exists,  but  in  a  state  of  com bi nation, 
which  prevents  it  from  assuming  a  crystallized  form.  In  dried 
grapes,  figs,  &c.  it  is  often  seen  as  a  superficial  incruslalion. 

1792.  Honey  is  also  a  variety  of  sugar  containing  a  cryslal- 
lizable  and  an  uncrystallizable  portion  ;  the  predominance  of  one 
or  other  of  which  gives  to  it  its  peculiar  character  ;  they  may  be 
partially  separated  by  mixing  the  honey  with  alcohol,  and 
pressing  it  in  a  linen  bag  ;  the  liquid  sugar  being  the  most  solu- 
ble, passes  through,  leaving  a  granular  mass,  which  forms  crys- 
tals when  its  solution  in  boiling  alcohol  is  set  aside.  Honey 
also  frequently  contains  wax,  and  a  little  acid  matter. 
.(  1793.  Sugar  is  a  white  brittle- substance  of  a  pure  sweet  las'e, 
soluble  in  its  own  weight  of  water  at  BO".  Boiling  water  dis- 
solves a  considerably  larger  quantity.  This  solution  is  called 
sirup;  it  is  viscid,  and  furnishes  crystals  in  the  form  of  four 
and  six-sided  prisms,  irregularly  terminated.  Sugar  is  soluble 
in  alcohol,  but  much  more  sparingly  so  than  in  water. 

1794.  Nitric  and  sulphuric  acids  decompose  sugar;  the  for- 
mer converts  it  into  oxalic  acid;  the  latter  evolves  charcoal  and 
produces  water  and  acetous  acid. 

1 795.  The  alkalies  dissolve  sugar,  and  destroy  its  sweet  taste, 
which  re-appeara  if  an  acid  be  added.  When,  however,  the 
alkalies  are  left  for  a  long  time  in  the  contact  of  sugar  they 
effect  a  more  important  change,  becoming  carbonated  and  con- 
verting the  sugar  into  gum.  From  a  solution  of  sugar  in  lime- 
water,  Mr  Daniell  obtained  crystals  of  carbonate  of  lime  and  a 
portion  of  gum.  The  addition  of  phosphuret  of  lime  to  sirup 
produces  an  analogous  change. J 

1796.  When  proloxide  of  lead  is  digested  wrth  sugar  tm^ 
water,  a  portion  is  dissolved  and  afterwards  separates  in  the 
form  of  a  white  insipid  powder  {saccharate  of  lead,)  insoluble 
in  water,  and  composed,  according  to  Berzelius,  of 

Sugar 41,74 

'Oxide  of  lead 58,26 

100,00 
.-      1797.  When  sugar  is  exposed  to  heat  it  fuses,  becomes  brown, 
evolves  a  little  water,  and  is  resolved  into  new  arrangemeolsof 
its  component  elements.     If  suddenly  elevated  to  a  lemperaUire 
of  about  500°,  It  bursts  into  flame. 

■  Sh  Cbiplill(iIiIlMninur>cliiCEQriiiE>lia  Fnoci,  Ptiil.  Mag.  ilvii.  331. 
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1798.  Aecording  to  Lavoisier,  sugar  is  composed  of  64  ozy-  doapoutigm. 
^en,  28  carbon  and  8  hydrogen  :  Gay-Lussac,  Thenard  and 
Berzelius  have  analyzed  it  by  combustion  with  chlorate   of 
potassa,  and  Dr  Prout  and  DrUre  by  distillation  with  oxide  of 
copper.    The  results  of  the  analysis  by  different  chemists  are 

given  below.* 

On  comparing  the  results  of  the  analysis  of  sugar  by  different 
persons,  the  principal  deviation  appears  to  exist  in  those  of  Dr 
Prout,  which  indicate  less  charcoal  and  more  oxygen  than  the 
rest.  If  reduced  to  atomic  proportions,  his  experiments  (re- 
specting which  some  details  are  given  in  the  Annals  of  Philoso; 
phy,  N.  S.  iv.)  point  out  the  following  as  the  composition  of 
sugar : 

Charcoal  .  .  5  atoms  .  .  .  30  .  .  •  40,00 
Oxygen  ...  5  ditto  •  .  .  40  .  .  .  53,34 
Hydrogen  •  .  5  ditto    ...     5  •  .  .     6,66 

75  100, 

The  atomic  proportions,  approaching  most  nearly  (o  the  other 
results,  are 

Charcoal  •  .  6  atoms  •  .  .  36  .  .  .  44,44 
Oxygen  ...  5  ditto  •  .  .  40  .  .  .  49,38 
Hydrogen  .  .  5  ditto    ...     5  .  .  .     6,18 

81  100. 

If  deduced  from  the  compound  of  sugar  with  oxide  of  lead, 
on  the  supposition  that  this  compound  consists  of  an  atom  of 
each  ingredient,  the  constitution  of  sugar  will  agree  precisely 
with  the  latter  statement,  a  coincidence  which  strengthens  the 
probability  that  it  consists  of  6  atoms  of  charcoal,  5  of  oxygen, 
and  5  of  hydrogen,  and  that  81  is  its  true  representative  num* 
ber.     H.  2.  185. 

1799.  Manna  is  an  exudation  from  the  Fraxinus  OmuSj  a 
species  of  ash,  growing  in  Sicily  and  Calabria,  It  has  a  sweet 
and  somewhat  nauseous  taste,  and  is  used  in  medicine  as  a  mild 
aperient.  It  is  very  soluble  in  water,  and  more  soluble  in  alco- 
hoi  than  cane  sugar,  the  latter  solution  deposits  it  in  the  form 
of  a  white  spongy  mass.  Digested  in  nitric  acid,  it  yields  both 
oxalic  and  saclatic  acids.  Its  solution  in  water  does  not  appear 
susceptible  of  vinous  fermentation. 

Oay-LotMo.                  Benelint.                Prout.  Vm. 

*Cuboa     .    .    .    42«47    ....    44.100    ....    39,99  .    ,    .    .  43,3I 

Oz7g«a     .    .    .    80.63    ....    49,016    ....    i3.S3  ....  50,33 

Hydrogen      *    .      0.90    ...»      0,785    ....      6.66  ....  6.S0 

I00.t  100.  100.  100. 

fOrofeaibon 49,47 

OxjfeaaBdbjdxogea  iatfi«MUDe  proportion  MwaUr 57,53 

190. 

59 
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Section  IV.     Starch. 

1800.  Starch,  or  Fecula,  may  be  separaled  from  a  variety 
of  vegetable  substances;  it  is  contained  in  the  esculent  jcrains, 
and  In  many  roots.  The  process  for  obtaining  il  consists  in  dif- 
fusitijr  tlie  powdered  grain  or  the  raii|jed  root  in  cold  water, 
which  becotnes  while  and  lurbid  ;  the  grosser  parts  may  be  sep- 
arated by  a  strainer  and  ihe  liquor  which  passes  deposits  the 
slarch,  which  is  to  be  washed  in  cold  water  and  dried  in  a  genUe 
heat. 

1801.  The  common  process  for  oblaininf^  the  starch  of  wheat 
consists  in  steeping;  the  grain  in  water  till  il  becomes  soft;  it  is 
then  put  into  coarse  linen  bagis,  which  are  pressed  in  vats  of 
walcr:  a  milky  Juice  exudes,  and  the  starch  falls  to  the  botloni 
of  the  vat.  The  snpernataut  liquor  undergoes  a  slight  fermen- 
tation, and  a  portion  of  alcohol  aud  a  little  vinegar  is  formed, 
which  dissolves  some  impurities  in  the  deposited  starch;  it  is 
Ihen  collected,  washed,  "aud  dried  in  a  moderate  heal,  during 
which  it  splits  into  llic  columnar  fragments  which  we  meet  with 
in  commerce,  and  which  are  generally  rendered  slightly  blue 
by  a  little  smalt. 

1803.  From  the  analysis  of  Dr  Pearson  we  learn  that  100 
parts  of  the  fresh  potato  root,  deprived  of  skin,  afford  .^^^_ 

Water 68  to  72  d^H 

Meal 32    „  38  ^^H 

100       100  I 
The  meal  is  composed  of  three  distinct  substances 

Fecula 15  to  17  ^^A 

Fibrous  matter 8  „      9  ^^H 

Extract  or  mucilage    .  .     5  „      6  ^^^| 


28 


32" 


Of  rice,  starch  constitulcs,  according  to  Braconnol,  from  63 
to  85  per  cent.t 

,  1803.  Pure  starch  is  a  white  substance,  insoluble  in  cold 
water,  but  readily  soluble  at  a  temperature  between  IGO**  ao4 
180°.  Its  solution  is  gelatinous,  becomes  mouldy  and  sour  bj 
exposure  to  air,  and  by  careful  evaporation  yields  a  subsUOW 
resembling  gum  in  appearance,  whicli  is  a  compound  of  slarcfc 
and  water.  Starch  is  insoluble  in  alcohol  and  in  elher,  and  occa- 
sions no  precipitate  in  the  greater  number  of  metallic  solutiou; 

,  in  solution  of  subacctaie  of  lead,  however,  it  occasions  a  copf- 
ous  precipitate.  The  most  characteristic  property  of  starch  b 
that  of  formiug  a  blue  compound  with  Iodine  ;  it  may  be  obtain- 


■B,.-. 
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ed  by  adding  an  aqueous  solution  of  iodine  to  a  dilute  solution  Forms « bint 

of  starch.  with  iodine. 

Sulphuric  and  nitric  acids  dissolve  starch,  and  slowly  decom- 
pose it,  or  resolve  it  into  new  compounds.     Dilute  nitric  acid 
dissolves  it  without  decomposition,  forming  a  greenish  solution, 
which  deposits  starch  upon  the  addition  of  alcohol.     It  is  slowly  ^id^.^*" 
soluble  in  muriatic  acid,  and  insoluble  in  acetic  acid. 

Potassa,  triturated  with   starch,  forms  a  compound  which  is  unites  to 
soluble  in  water.  pota»«. 

Infusion  of  grills  occasions  a  precipitate  in  the  solutions  of  Prenpiutea 
starch,  which  re-dissolves  by  heating  the  liquid  to  120*^.     This  ^'y**""'" 
property  Dr  Thomson  considers  as  characteristic  of  starch. 

1804.  The  change  of  starch  into  sugar  is  always  observed 
during  the  germination  of  seeds,  and  in  the  process  of  malting 
a  similar  conversion  is  effected. 

Malt  is  barley  which  has  been  made  to  germinate  to  a  certain  ^^^^ 
extent,  after  which  the  process  is  stopped  by  heat.  The  barley 
is  steeped  in  cold  water,  and  is  then  made  into  a  heap  or  couchy 
upon  the  maltfloor :  here  it  absorbs  oxygen  and  evolves  car- 
bonic acid ;  its  temperature  augments,  and  then  it  is  occasion- 
ally turned  to  prevent  its  becoming  too  warm.  In  this  process 
the  radicle  lengthens,  and  the  plume,  called  by  the  maltsters  the 
acrospire^  elongates ;  and  when  it  has  nearly  reached  the  oppo- 
site extremity  of  the  seed,  its  further  growth  is  arrested  by  dry- 
ing at  a  temperature  slowly  elevated  to  150*^  or  more.  The 
malt  is  then  cleansed  of  the  rootlets. 

1805.  Proust  has  discovered  In  barley,  besides  the  ingredi- ^j^^^^.^ 
e;its  of  wheat,  a  peculiar  substance,  nearly  resembling  saw-dust 

in  its  external  characters,  to  which  he  has  given  the  name  of 
hordein.  This  substance  may  be  separated  from  starch  by  the 
action  of  hot  water,  in  which  it  is  quite  insoluble.  During 
the  process  of  malting,  its  proportion  is  considerably  diminish- 
ed, and  it  appears  to  be  partly  converted  into  sugar,  or  into 
starch,  as  will  appear  from  the  comparative  analysis  of  malted 
and  unmalted  barley  given  below. '^^ 

1806.  It  appears,  then,  that  the  formation  of  malt  consists  in 
the  increase  of  gum,  sugar,  and  starch,  and  the  diminution  of 
gluten  and  hordein.  The  starch,  that  remains  after  maltins;, 
is  found  changed  in  its  properties  ;  for  itdoesnotas  before  yield 
a  viscid  paste,  capable  of  gelatinizing  on  cooling. 

The  loss  of  weight,  sustained  by  grain  in  malting,  which 
Proust  states  at  one-third,  Dr  Thomson  asserts  is  greatly  over- 
rated, and  that  it  did  not  on  an  average  of  50  processes,  carried 
on   under   his  inspection,  exceed  one-fifth.     The  hordein    of 

In  100  part*  of  barley.                           In  100  partf  of  malt 
•  Resin       ,    .    .     1 ] 

Ctum 4  .    .    • •    .  15 

Su|;ar 5 *    ...  15 

Gluten     .    .     • 3 ] 

Starch 33 65 

Uordeio  .     • 65 12    H.  2.  242 


-.1 


FAMYLINE. 
Proust,  he  considers  as  sUrch  under  some  modi fica lion,  which 
is  changed,  by  malting,  partly  into  true  starch,  and  partly  into 
sugar.     H.  2.  243. 

Ccmntiion  of  1807.  Another  mode  of  converting  starch  into  sugar  wasdis- 
SSjXbu'  covered  by  M.  Kirchoff;  it  consists  in  boiling  it  with  very 
dihite  sulphuric  acid.  A  pound  of  starch  may  be  digested  in 
sis  or  eight  pints  of  distilled  water,  rendered  slightly  acid  fay 
two  or  three  drachms  of  sulphuric  acid.  The  mixture  should 
be  simmered  for  a  few  days,  fresh  portions  of  water  being  occa- 
sionally added  to  compensate  for  the  loss  by  evaporation.  After 
this  process  the  acid  is  saturated  by  a  proper  proportion  of  chnlk, 
and  the  mixture  filtered  and  evaporated  to  the  consistence  of 
sirup;  its  taste  is  sweet,  and,  by  purification  in  the  usual  way, 
it  affords  crystallized  sugar.  M.  M,  de  la  Rive  and  Saussure 
have  shown  that  the  contact  of  air  is  unnecessary  in  the  above 
process  ;  that  no  part  of  the  acid  is  decomposed,  no  gas  evotred, 
and  that  the  sugar  obtained  exceeds  by  about  one-tenth,  the 
original  weight  of  the  starch.  M.  de  Saussure,  therefore,  con- 
cludes that  the  conversion  of  starch  into  sugar  depends  upon  the 
sniidilication  of  water,  a  conclusion  strengtliened  by  the  foilow- 

AHitiixif    ing  comparative  analysis. — Thomson's  j3nnais,  Vol.  ii. 

IDV  Pirti  of  SUfch  IDO  t>nni  af  SBiik 

Carbon 45,39 37,89 

Oxygen 4S,31 55,87 

Hydrogen.  .  .  .     5,90  .  .  • 6,84 

Nitrogen    ....     0,40 0,00 

100,00  100,00 

180S.  This  analysis  of  starch  is  somewhat  at  Tariauce  with 
that  given  by  Gay-Lussac;  indeed  the  small  portion  of  nitrogea 
cannot  be  considered  as  an  essential  component.  Berzelius  hu 
given  the  following  as  tlic  component  parts  of  starch. — ThoM- 
son's  idnnals,  Vol.  v. 

Carbon 43,481 

Oxygen 48,455 

Hydrogen 7,064 


100,000 


V    iajGu.  1809.  ^viyline  (called  amydhte  by  Saussure)  is  iDt«iiwdi- 

■  ate  between  gum  and   starch.     It  is  soluble  in  boiling  water, 

ft  and  the  solution  yields  by  evaporation  a  pale  semi  transparent 

K^  brittle  substance,  insoluble  in  alcohol,  but  soluble    in  ten   times 

^fe  its  weight  of  cold  water,  and  to  any  amount  in  water  at  144°. 

^1  The  solution  is  coagulated  into  a  white  paste  by  sub-acetate  «f 

^V  lead.     When  treated  with  iodine,  it  assumes  a  blue  colour.     It 

^1  is  precipitated  by  barytic  water,  but  not  by  fixed  alkalies,  by 

H  lime  water,  nor  by  infusion  of  galls.     H.  9.  £46. 
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1810.  When  starch  is  exposed  to  a  temperature  between  600^ 
aod  700^  it  swells,  and  exhales  a  peculiar  smell ;  it  becomes  of 
a  brown  colour,  and  in  that  state  is  employed  by  calico-printers 
under  the  name  of  British  gum.     It  is  soluble  in  cold  water^  BriUsb^m. 
and  does  not  form  a  blue  compound   with  iodine.     Vauquelin 

found  it  to  differ  from  gum  in  affording  oxalic  instead  of  mu- 
cous acid,  when  treated  with  nitric  acid. 

1811.  The  equivalent  of  starch,  if  deduced  from  its  ultimate 
analysis  would  approach  very  closely  to  that  of  sugar.     It  is  Eqairtient 
probable,  indeed,  that  in  this,  as  well  as  in   other  instances  of  o""^"- 
vegetable  compounds,  the  difference    consists  merely   in   the 
manner  in  which  the  elementary  atoms  are  arranged  ;  a  view  of 

the  subject,  with  which  the  Conversion  of  btarch  into  sugar,  by 
processes  not  attended  with  the  evolution  of  any  gaseous  pro* 
ducts,  is  perfectly  consistent.  Berzeliusinvestigated  the;  equiv- 
alent of  starch,  by  examining  the  composition  of  the  insoluble 
amylaie  ofleadj  formed  by  mixing  a  boiling  solution  of  potato 
starch  with  one  of  sub-nitrate  of  lead.*  This  he  found  to  con- 
sist of  12  parts  of  starch  +  28  of  oxide  of  lead  ;  and,  reasoning 
from  its  composition,  he  infers  that  starch  must  be  constituted, 
either  of  6  atoms  of  oxygen  -|-  7  of  carbon  -|-  13  of  hydrogen, 
or  of  18  atoms  of  oxygen  -|-  21  of  carbon  +  39  of  hydrogen.  In 
this  case  the  same  agreement  does  not  exist  between  the  num- 
ber deducible  from  ultimate  analysis  and  from  a  compound  of 
the  entire  substance  with  oxide  of  lead,  as  in  the  instance  of 
sugar ;  for  the  equivalent,  most  consistent  with  the  first  suppo- 
sition, would  be  not  less  than  103;  whereas  that  for  sugar  is 
only  81.  In  this,  as  in  various  other  cases,  where  the  constitu- 
tion of  organic  substances  is  concerned,  it  is  better  to  wait  for 
the  further  progress  of  science,  than  to  rest  satisfied  with  equiv- 
alent numbers,  which  are  not  supported  by  the  concurrence  of 
different  metliods  of  investigation.     H.  2.  248. 

1812.  Besides  the  starch  of  the  cerealia  and  potatos,  the  fol-  othrrvan*. 
lowing  varieties  of  this  substance  are  also  met  with.  ^'^** 

i.  Jirrow-rooty  the  fecula  of  the  Maraniha  •Srundinacea. 

ii.  Sago,  extracted  from  the  pith  of  several  species  of  palm, 
growing  in  the  East  India  islands. 

iii.  Tapioca  and  Cassava,  prepared  from  an  American  plant, 
the  latropha  Manihat. 

iv.  Salop,  obtained  from  the  roots  of  several  species  of 
Orchis. 

1813.  Starchy  lignin — ^When  the  residue  of  the  spontaneous  surcbyiig 
decomposition  of  starch  has  been  washed  successively  with  cold 
and  hot  water,  with  alcohol,  and  with  diluted  sulphuric  acid,  an 
alkaline  ley,  containing  T?th  ils  weight  of  potassa,  still  takes  up 
a  further  portion.  From  this  solution,  diluted  sulphuric  acid 
precipitates  a  light  brown  combustible  substance  having  the 
appearance  of  jet.     It  gives  a  blue  colour  to  the  aqueous  solu- 
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tion  o(  iodine,  a  property  wliich,  togelbcr  with  its  soluliililj  in 
a  wea)[  alkaline  liquor,  distinguishes  it  from  comtnon  lignin. 
(1838,)  It  is  not  impossible,  however,  that  the  effect  may  ile- 
pcnd  OQ  the  presence  of  a  small  quantity  of  starch.     II.  2.  S-t&. 


Section  V.     Gluten. 

1814.  Gluten  may  he  obtained  from  wheat-flour,  by  form- 
ing il  into  a  paste  and  washing  It  under  a  small  siream  of  wjier. 
The  starch  is  thus  washed  away,  and  a  tough  elastic  substance 
remains,  which  is  gluten. 

lis  colour  is  ^rey,  and,  when  dried,  it  becomes  brown  and 
brillle.  It  is  nearly  insoluble  in  water  and  in  ether.  When 
allowed  to  putrefy  it  exhales  an  offensive  odour,  and  when  sub- 
milted  to  destructive  distillation,  it  furnishes  ammonia,  a  eir- 
cumslance  in  which  it  resembles  animal  products.  Mostoftfaa 
acids  and  the  alkalies  dissolve  it. 

1515.  Gluten  is  an  essential  ingredient  in  wheat-flour,  ud 
conlrihules  much  to  its  nutritive  quality  ;  and  gives  considera- 
ble tenacity  to  its  paste. 

1516.  A  substance,  much  resembling  gluten,  has  been  found 
in  the  Juices  of  certain  vegetables,  especially  in  those  which 
are  milky  and  coagulable  by  acids.  It  is  contained  in  the  ssp 
of  the  house-leek,  of  the  cabbage,  and  most  of  the  cnicifonn 
plants.  Submitted  to  destructive  distillation,  it  affords  aitiino- 
nia,  and  is  in  other  respects  similar  to  the  animal  princi- 
ple, called  albumen ;  hence  it  has  been  termed  vegetable  alfni- 
men 

IK17.  Caoulchtnic  and  Bird-lime  may  also  be  considered 
as  allied  to  glut(;n.  These  substances  are  insoluble  ia  waler 
and  in  alcohol,  but  they  are  soluble  in  pure  sulphuric  ether. 
Caoutchouc  is  highly  inflammable,  burning  with  a  bright  flame 
which  throws  off  much  charcoal.  When  healed  it  softens,  and 
is  in  that  state  soluble  in  some  of  the  fixed  oils.  It  is  said  U 
dissolve  easily  in  oil  of  cajeput.  These  solutions  are  sometime* 
used  as  varnishes,  but  with  the  exception  of  that  in  ether,  they 
remain  clammy, 

1818.  The  principles  which  hare  now  been  adverted  to,  nt. 
sugar,  starch,  gum  or  mucilage,  and  gluten,  constitute  the  prin- 
cipal nutritive  ingredients  in  most  of  the  esculent  vegetjblef. 
Wheal  grown  in  Great  Britain  contains  from  18  to  24  per  cent 
of  gluten,  the  remainder  being  principally  starch.  The  whett 
of  the  south  of  Europe  generally  contains  a  larger  quantity  of 
gluten,  and  is  therefore  more  excellent  for  the  manufacture  of 
macaroni,  vermicelli,  and  other  preparations  requiring  glutin- 
ous paste  The  excess  of  gluten  in  wheat-flour  compared  with 
other  grain,  renders  il  peculiarly  fit  for  making  bread;  for  the 
carbonic  acid,  extricated  during  the  fermentation  of  the  paste,  is 
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retained  in  consequence  of  its  adhesiveness^  and  forms  a  spongy 
and  li^ht  loaf.* 

1819.  From  the  experiments  of  M.  Taddei,  an  Italian  chemist,  gu^^.^^ 
it  appears  that  the  gluten  of  wheat  may  be  decomposed  into  two 
principles,  one  of  which  he  has  distinguished   by  the  name  of 
GliadinCi  from  y/ja  gluten,)  the  other,  of  Zimome  (from  ^v^, 

a  ferment.)  To  separate  them,  fresh  gluten  must  be  kneaded 
with  repeated  portions  of  alcohol,  as  long  as  that  fluid  becomes 
milky  by  dilution  with  water.  The  alcohol  dissolves  the  glia- 
dine  and  leaves  the  zimome. 

By  evaporating  the  alcoholic  solution,  gliadine  is  obtained, 
forming  a  brittle  straw-yellow,  slightly  transparent  substance, 
with  a  weak  smell  resembling  that  of  the  honey-comb,  and  when 
gently  heated,  emitting  an  odour  similar  to  that  of  boiled  apples. 
In  the  mouth,  it  becomes  adhesive,  and  has  a  sweetish  and  bal- 
samic taste.  It  is  pretty  soluble  in  boiling  alcohol,  but  the 
greater  part  precipitates  as  the  alcohol  cools.  It  softens,  but 
does  not  dissolve  in  cold  water.  Its  alcoholic  solution  becomes 
milky  on  adding  water,  and  is  precipitated,  in  white  flocks  by 
alkaline  carbonates.  Dry  gliadine  dissolves  in  caustic  alkalies 
and  acids.  It  swells  on  burning  coals,  and  then  contracts  like 
animal  matter.  It  burns  with  a  bright  flame,  and  leaves  a  por- 
tion of  charcoal  which  is  di£ScuIt  to  be  incinerated. 

1820.  Zimome  is  obtained  pure  by  boiling  gluten  in  alcohol,  zimome, 
or  by  digesting  it  in  that  fluid  till  it  ceases  to  give  out  gliadine. 
There  remains  a  shapeless  mass,  which  is  hard,  tough,  destitute 

of  cohesion,  and  of  an  ash-white  colour.  After  being  washed 
with  water,  it  recovers  part  of  its  viscosity  ;  and  becomes  brown 
when  left  in  contact  with  air.  It  is  specifically  heavier  than 
water.  It  does  not  ferment  like  gluten,  but  putrefies,  exhaling 
a  fetid  urinous  odour.  At  a  boiling  temperature  it  is  soluble  in 
vinegar  and  in  the  mineral  acids.  It  combines  with  potassa, 
and  forms  a  kind  of  soap.  Lime-water,  and  solutions  of  alka- 
line carbonates  harden  it,  and  give  it  a  new  appearance.  It 
inflames  when  thrown  on  red  hot  coals,  and  emits  an  odour 
similar  to  that  of  burning  hair  or  hoofs.t 

M.  Taddei  has  since  discovered  that  powdered  guaiacum  is  a 
test  of  the  presence  of  zimome.     When  well  kneaded  with  good  '^'*"<»' 
wheat  flour  and  a  little  water,  the  guaiacum  becomes  of  a  very 
fine  blue  colour.     Starch  does  not  evolve  this  colour,  and  bad 

*  A  bimdfed  parts  of  barley  eoDtain  upon  an  Avtnge  80  parts  of  starch,  6  of  gluten,  and  7  of  sitgar, 

th«  reoMdnii^  7  parts  being  husk.     From  lOO  parts  of  rye  Sir  Humphry  Davy  obtained  61   parts  of 

gtmrth  aai  5  of  gluten     Fnxn  100  p^irts  ot  o«ts  be  |NX)Cured  50  of  starch,  6  of  gluten,  and  3  of  sugar. 

lOO  pvU  of  peas  afforded  about  60  of  starch.  S  of  sugar,  4  o  f  gluten,  and  a  small  portion  of  extractive 

■latler.     100  parts  of  potatos  yield,  upon  an  average,  20  parts  of  starch  ;  they  may  be  considered  in 

^acral  sis  containing  from  one-fourth  to  one-fifth  of  their  weight  of  nutritive  matter.    The  turnip. 

canot,  nod  parsnip,  chiefly  contain  sugar  and  mncilage  :  1000  parts  of  common  tinmips  give  about  34 

mi  wagn,  aad  7  of  mucilage ;  1000  parts  of  carrots  furnish  about  95  of  sugar,  and  3  of  mucilage  ;  and 

Um  aaSM  quantity  of  parsnips  afford  90  of  sugar  and  9  of  mucilage.    The  loss  of  weight  in  the  above 

.  is  referable  to  water,  and  inert  vegetable  matter  possessed  of  the  prnpcrttci  of  woody  fibre. 

t  Ana.  ef  Philos .  xv.  390,  xvi.  88. 


flour  in  only  a  very  small  degree.  But  when  guaiacum  is  work- 
ed up  with  gluten,  and,  slill  better  with  pure  zimoaie,  the  colour 
instantly  appears,  and  is  a  most  superb  blue.  Guaiacum,  how- 
ever, does  not  become  at  all  coloured  by  zimome,  unless  the 
contact  of  oxygen  be  allowed.  The  powder  of  ^aiacum  is  there- 
fore, a  re-agent,  capable  of  detecting  the  injurious  alteratiou 
which  flour  sometimes  undergoes  by  the  spontaneous  destruc- 
tion of  its  gluten,  and  also  of  ascertaining  in  a  general  way  the 
pioporlton  of  that  principle.*     li. 


Section  VI.     Exlractive  mailer  and  Z,ignin.       ^H 

1821.  The  terra  extract,  or  exlractive  principle  has  been 
applied  to  a  peculiar  principle  which  is  supposed  to  form  the 
basis  of  all  the  vegetable  extracts  which  are  generally  made  by 
digesting  vegetable  substances  in  water,  and  eraporating  the 
solution  to  a  solid  consistence. 

1822.  The  existence  of  a  distinct  principle,  under  this  nime 
has  been  doubted  by  M.  Thenard,  Dr  Bostock  and  Dr  Ure ;  and 
it  is  not  improbable  that  future  discoveries  may  resolve  it  into 
other  known  bodies. 

1833.  It  is  said  to  possess  the  following  propertie!.  Il  \i 
soluble  in  water,  and  the  solution  is  of  a  brown  colour.  It  if 
insoluble  in  ether,  but  it  is  soluble  in  alcohol  containing  a  sm^ 
portion  of  water.  By  repeated  solutions  and  evaporations  it 
may  be  rendered  scarcely  soluble  in  water.  Solutions  of  chlo- 
rine, of  many  of  the  acids,  and  of  most  of  the  metallic  oxides, 
occasion  precipitates  in  the  aqueous  solution  afcstraclive. 

1824.  The  following  substances  may  be  considered  under  this 
head,  though  many  of  them  are  obviously  widely  different  from 
extractive  matter. 

1825.  Utmin. — This  substance  was  first  noticed  by  Ktaproth, 
spontaneously  exuding  from  the  elm.  From  the  observations  of 
lierzelius,  it  exists  in  the  bark  of  many  other  trees,  and  may  br 
obtained  by  digestion  in  alcohol  aod  cold  water;  ihe  action  of 
hot  water  afterwards  dissolves  the  ulmin. — Thomson's  ^nnait, 
Vol.  ii. 

Ulmin  is  of  a  dark  brown  colour,  with  scarcely  any  taste  Of 
smell.  It  is  sparingly  soluble  in  water  and  in  alcohol,  but 
readily  soluble  in  a  weak  solution  of  carbonate  of  potasss. 
Very  few  of  the  metallic  salts  occasion  a  precipitate  in  its  solu- 
tion. The  exudation  from  the  elm  is  generally  combined  with 
carbonate  of  potassa,  and  is  therefore  readily  soluble  in  water. 
From  late  experiments  Dccbereincr  considers  it  probable  that 
ulmin  consists  of  an  atom  of  oxide  of  carbon,  and  ao  atom  of 
water.t 


PICBOTOXIS. 


^H  1S26.  Polychroite.  This  lerm  has  been  applied  to  the  ex-  ^^^ 
Hpaci  ofsaffron.*  It  is  of  a  deep  yellow  colour,  deliijuescent,  "'" 
readily  soluble  in  water  and  in  alcohol,  but  insoluble  in  pure 
sulphuric  ether.  Exposure  to  the  solar  rays  soon  destroys  tlie 
colour  of  its  aqueous  solution.  Sulphuric  acid  renders  it  blue, 
sod  nitric  acid  green  ;  solutions  of  lime  and  baryta  produce  yel- 
low and  red  precipitates  ;  subacelale  of  Iciid  throws  down  a 
deep  yellow  precipitate,  and  nitrate  of  mercury  separates  a  red 
powder. 

1837.  Hematin.     This  peculiar  substance  ivas  first  recognis-  h.d 
ed  by  Chevreul  in  the  colouring  matter  of  log-woodA     It  may 

be  u1>tained  by  digesting  log-wood  in  water  of  the  temperature 
of  125°.  Filter,  evaporate  carefully  to  dryness,  and  digest  the 
residue  for  24  hours  in  alcohol  of  the  specific  gravity  of  ,837. 
Filter  the  alcohol-,  concen'rate  tlie  solution  by  evaporation,  add 
a  portion  of  water,  evaporate  a  little  further,  and  set  the  solu- 
tion aside  :  crystals  are  deposited  which,  when  washed  tvith 
alcohol  and  dried,  are  pure  hematin. 

Hematin  is  of  a  reddish  colour  ;  its  taste  is  somewhat  bitter, 
and  its  aqueous  solution  is  yellow  when  cold,  but  orange-red  at 
the  temperature  of  boiling  water.  Sulphuric  acid  added  to  this 
solution  renders  it  reddish  yellow.  The  alkalies  give  It  a  pur- 
plish lint. 

1838.  Bilter  principle.  By  evapcyalingan  ii-fusionof  quas-  cti. 
sia,  a  substance  is  obtained  of  an  intensely  bitter  taste,  and  of  a  p'"- 
hrownish  yellow  colour,  which  is  readily  soluble  in  water  and  in 
alcohol.  Nitrate  of  silver,  and  acetate  of  lead,  are  the  only  pre- 
cipitanls  of  its  aqueous  solution.  It  is  probable  that  the  same 
substance  exists  in  other  bitter  vegetables,  and  Vauquelin  has 
discovered  it  in  the  fruit  of  the  colocynt/i,  and  in  the  root  of 

R-'le  briony-X 
829.  By  digesting  indigo,  silk,  and  a  few  other  substances 
litric  acid,  an  intensely  bitter  matter  is  formed,  called  by 
Ithcrthe  yellow  bitter  principle.'^    Chevreul  has  rendered  it 
bable  that  this  is  a  compound  of  a  peculiar  vegetable  princi- 
with  nitric  acid.     It  is  crystallizablc,  burns  like  gunpowder 
detonates  when  struck  with  a  hammer- 
830.  Picroloxin,     This  is  a  bitter  poisonous  substance  con-  p^^^ 
lained    in  the   Cocculus   Indicus.     It  may  be  obtained  by  the 
following  process  ; — Add  acetate  of  lead  lo   a   decoction  of  the 
berries,  as  long   as  any  precipitate  falls  :  filter,  evaporate,  and 
digest  the  extract  in  highly  rectified  alcohol ;  evaporate  to  dry- 
ness, and  agitate   the    remaining  matter    with  a    little    water; 
the  picrotoxin  remains  in  the  form  of  white  prismatic  crystals 
of  a  bitter  lasle. 

1831.  Picrotoxin  is  difficultly  soluble  in  water.  Alcohol  of 
the  specific  gravity  of  810,  dissolves  one-third  its  weighL     It  '^»' 
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it  soluble  in  weak  solutions  of  the  pare  ilkaliee.  It  eombinei 
with  the  acids,  and  forms  compounds,  some  o(  whieh  are  crjs* 
tallizablei  but  they  require  further  exanunatioo  before  we  ean 
Tenture  to  give  this  substance  a  place  among  the  oareotie  aali- 
fiable  bases.* 

1832.  Nicotin.  This  is  a  principle  existiDg  in  tobeceo.  It 
was  obtained  by  Vauquelin  by  the  followinir  proeeait :  Efapo- 
rate  the  expressed  juice  to  one-fourth  ila  bulk ;  madf  when  eoldf 
strain  it  through  fine  linen ;  evaporate  nearly  to  dryneae ;  digest 
the  residue  in  alcohol ;  filter  and  evaporate  to  diyueae ;  diMolva 
this  again  in  alcohol,  and  again  reduce  it  to  a  dry  sttfte.  Dis* 
solve  the  residue  in  water,  and  saturate  the  aeid  which  it  eoo- 
tains  with  weak  solution  of  potaasa,  introduce  the  whole  inio 
a  retort,  and  distil  to  dryness-:  re-dissolve,  and  again  distil  three 
or  four  times  successively.  The  nicotin  will  thve  pass  iato  the 
receiver,  dissolved  in  water,  from  which  solution  it  owy  fas 
obtained  by  very  gradual  evaporation. 

Nicotin  is  colourless,  acrid,  soluble  in  water  and  in  aleoholi 
volatile,  and  highly  poisonous. 

1833.  ^sparagin. — ^M.  M.  Vauquelin  and  Robiquet  obtained 
this  substance  in  a  crystalline  form  by  evaporating  th6  juice  of 
asparagus.  It  has  a  cool  and  slightly  naoseous  taato,  and  when 
burned  emits  acrid  vapours,  and  leaves  no  tracea  of  aJkalLl 

1834.  iSbrcoco// exudes  spontaneoualy  from  a  plant  ealled 
the  Penea  Sarcocolla.  It  is  generally  of  a  red,  or  yellow  eoi> 
our,  and  is  soluble  in  alcohol  and  water,  forming  maoilagtooos 
solutions.     Tan  causes  its  immediate  precipitation. 

1835.  Fungin,  This  name  has  been  given  by  Braoonnot  to  a 
substance  contained  in  the  fleshy  part  of  niushroom8.§ 

It  is  insoluble  in  water  and  in  alcohol^  and  acarcolv  aeted 
upon  by  the  alkalies,  or  by  dilute  acids.  It  is  the  suostanee 
which  remains  after  the  mushroom  has  been  deprived  of  ereiy 
thing  soluble  in  alcohol  and  in  water. 

1836.  Inulin.  The  roots  of  elecampane,  when  boUed  ia 
water,  furnish  a  decoction,  which,  on  cooling,  deposita  a  whits 
powder,  in  many  respects  resembling  starch.  It^  boweveri 
differs  in  several  properties  from  that  principle^  and  has  beocs 
been  considered  a  peculiar  vegetable  8ubstance«||        ^ 

1837.  Emetin.  To  obtain  emetin,  digest  powdered  ipeeaee* 
anha  in  alcohol,  filter,  evaporate  carefully  to  dryneBS,  and  rs- 
dissolve  in  cold  water.  To  this  solution  add  carbonate  sf 
baryta,  filter,  and  again  evaporate  to  dryneae;  digest  thb 
residuum  in  alcohol,  and  a  solution  is  obtain^,  which  by  carafid 
evaporation,  affords  a  reddish-brown  substaneCy  eolable  in  abi^ 
hoi  and  in  water,  and  precipitable  by  sub^acetate  of  lead ;  itf 
taste  is  acrid  and  bitter,  and  it  is  highly  emeticT 


*  Bonllajr,  Journal  dt  Pkarmaeie,  r.  f  ^^^^  '*  Chia.  IzsL 

X  Ann.  de  Cbim.  iv.  ^  Ana.  i«  Chm.  Isitau 

1^  Thomson*!  Sytitm,  rol.  iv. 
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1838.  Woody  fibre.  The  term  lignin  has  heoD  applied  to  woodj  fibre, 
the  fibrous  substance  which  remains,  after  digesting  wood  in 

water  and  in  alcohol.  It  is  insipid,  and  exposed  to  destructive 
distillatioh,  affords  a  considerable  quantity  of  vinegar  tainted  by 
empyreumatic  oil,  and  containing  a  little  ammonia.  The  char- 
coal which  remains  is  light,  brittle,  shining,  and  easily  incine- 
rated. The  relative  quantity,  yielded  by  different  woods,  has 
already  been  adverted  to  (625.) 

1839.  We  are  indebted  to  M.  Braconnot  for  some  highly  Action  of  mi- 
interesting  experiments,  relating  to  the  action  of  sulphuric  acid  Jj|"i'^j**^** 
on  wood.*     In  the  course  of  these  researches,  he  triturated  25 

parts  of  hempen  cloth  with  34  of  the  acid  ;  it  acquired  the  con- 
sistency of  mucilage,  which,  after  24  hours,  was  almost  entirely 
soluble  in  water.  The  diluted  liquor  was  saturated  with  chalk, 
filtered,  and  evaporated  to  the  consistency  of  sirup ;  it  deposit- 
ed sulphate  of  lime,  and  was  then  further  evaporated  to  dryness, 
when  a  substance,  having  the  characters  of  gum,  was  obtained. 
In  another  experiment,  24  parts  of  lignin  were  reduced  to  gum 
by  34  of  sulphuric  acid ;  this  acid  mixture,  diluted  with  water, 
and  boiled  for  10  hours,  became  sweet;  the  acid  was  then  sep- 
arated'by  cha^k,  and  the  liquor,  on  due  evaporation,  afforded  a 
erystallizable  sugar. 

Moistened  saw-dust,  heated  in  a  platinum  crucible  with  its 
we^ht  of  caustic  potassa,  afforded  a  matter  soluble  in  water, 
and  which,  upoii  the  addition  of  an  acid  to  neutralize  the  alkali, 
yielded  a  substance  having  the  properties  of  u/mm. 

1840.  The  woody  fibre  by  exposure  to  the  atmosphere  in  a  q^^^^^ 
perfectly  dry  state,  does  hot  undergo  any  change.     The  action 

of  the  air  upon  it,  however,  when  moistened,  causes  it  to  pass 
through  various  shades  of  colour,  into  a  black  mould.  If  the 
process  be  carried  on  in  a  confined  portion  of  oxygen  gas,  car- 
bonic acid  is  formed.  When  excluded  from  the  air,  even  moist 
wood  shows  very  little  tendency  to  decomposition. 

1841.  The  atomic  constitution  of  lignin,  which  agrees  most  competitba. 
nearly  with  its  ultimate  analysis  is  the  following  : 

Carbon 7  atoms 42 53,86 

Oxygen 4     "        32 41,02 

Hydrogen   ...  4    "       4 5,12 

78  100     H.2.256. 

1842.  Suber  or  Cork.     This  is  a  light,  soft,  elastic,  and  com-  g^„. 
bustible  substance,  burning  with  a  bright  flame  and  leaving  a 
bulky  charcoal.     Its  principal  peculiarity   is,  that  by  digestion 

in  nitric  acid,  it  is  converted  into  an  orange-coloured  mass, 
which  furnishes  to  water  a  peculiar  acid  matter,  which  has  been 
termed  suberic  acid,  Chevreul  has  found  in  it  resin,  oil,  and  a 
peculiar  matter  which  he  calls  CerinA 

1843.  Cotton  is  a  downy  substance  found  in  the  seed-pods 
of  the  different  species  of  gossypium.     It  is  insoluble  in  water 

■*  Ann.  de  Chin,  et  Pbjt.  lii.  ITS.  f  See  Wax. 


and  in  dilute  alaklinc  and  acid  Eolutions.  It  combines  wiifa 
several  of  the  metallic  oxides,  which  are  therefore  used  as  inier- 
jnedes,  or  mordants,  in  the  art  of  dyeing.  Acetate  of  alumina 
is  principally  employt^d  for  this  purpose 

1844.  McduUin  is  a  term  given  by  Dr.  John  to  the  pith  of 
the  sun-Rower  and  some  other  plants ;  it  is  insipid,  inodorous, 
insoluble  in  water  and  alcohol,  and  affords  oxalic  acid  when 
trealed  by  nitric  acid  ;  submitted  to  destructive  distillation,  the 
products  abouod  in  ammonia. 


Section  VII.     Tannin.  ^" 

1S45.  Tannin,  or  the  astringent  principle,  is  contained  io 
many  vegetables.  It  may  he  procured  by  digesting  bruised 
gall-nuts,  grape-seeds,  oak-bark,  or  catechu,  in  a  small  quantity 
of  cold  water.  The  solution  nffords.  when  evaporated,  a  sub- 
stance of  a  brownish-yellow  colour,  extremely  astringent,  tai 
soluble  in  water  and  in  alcohol. 

The  purest  form  of  tannin  appears  to  be  that  derived  from 
"  bruised  grape-seeds,  but  even  here  it  is  combined  with  other 
substances,  from  which  it  is  perhaps  scarcely  separable,  and 
among  the  numerous  processes  which  have  been  devised  for 
procuring  pure  tannin,  there  is  none  that  answers  the  intended 
purpose.  Mr  Brande  recommends  the  following  process  as 
that  by  which  he  has  obtained  tannin  of  the  greatest  apparent 
purity.  Digest  powdered  catechu  in  water  at  33"  or  34°,  filter 
and  boil  the  solution,  which,  on  cooling,  becomes  slightly  tur- 
bid, and  is  to  be  filtered  again,  and  evaporated  to  dryness ;  cold 
water,  applied  as  before,  extracts  nearly  pure  tannin.* 


lar  bt  •ng-ftiarlfa  tbfirtiDU  in  a  ponsLlin  btuo.     Tha  liquid,  beinf  dnuMJ  tliniacll  ■  ObA 
elalh.wufuRhrt«npermUd  Ulbe  umriilenee  nfs  j ell j.  und  plied  upan  ■  flal  pateeUia  Aik 

liidicFalioDinanpejiledlhnc  liDci.  tiLt  tin  Utl  iwrdon  af  alcofa 
actd  I  «id  ID  rcittorr  U>i«  acid  ■tfMluallj.  tbe  dry  mvia  warn  difCitcd,  twke  in 


wilb  (lUaRiTS  and  imicila^aiiiu  mitlrr.     Togclnd  of  tliEH.  Uu  whola  wu  ^Bsltud  ■■ 
waltr.  and  ugaio  ••■poralcd  In  dijo™.     TliMt  Klutinni  and  »t.ptpr«U»ni  tim  reptala 

Tha  lall  lolBtion.  bciaf  l«ft  wnia   lima  m  a  warm  placa,  (nnlrac-led  •  mouldjr  team,  wbichma 

•till  UBiiiniiq  HilpluU  of  limt.  Tg  lEpmila  Uli>.<ha  Ua  wai  diiiolfed  in  ntar,  and  raitiiili  if 
nolaua  added  ai  )ert  ■■  "IJ  prcckpilalr  h\\.  The  liqdd  waa  Ihca  fillf  red  and  nixed  wlA  tt^tr 
of  irmi,  wbicih  thpTW  dowa  a  oninpaund  nf  Dtide  of  lead  and  lae.     TTlia  powder  vaa  waihelfj 

liquid,  atli.  fcelas  l-oil'd,  Bll.iad.  anJ  erarormltd  10  irrnail.  gaie  ua  ii 
UtubeabUinedlrom  BUI.galll.     1). 3.^(6. 
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1846^  The  most  distinctive  character  of  tannin  is  that  of  Properties, 
affording  an  insoluble  precipitate  when  added  to  a  solution  of 
isinglass,  or  any  other  animal  jelly.  Hence  infusion  of  tan  is 
used  as  a  test  of  the  presence  of  gelatine,  and,  reciprocally, 
solution  of  gelatine  may  be  used  as  a  test  of  the  presence  of 
tan.  The  solution  of  gelatin,  or/ jelly,  may  be  prepared  for  the 
purpose  of  precipitating  tan,  by  dissolving  isinglass  in  water, 
in  the  proportion  of  ten  grains  to  two  ounces.  The  precipitate 
which  has  been  called  Tanno-gelatine  consists  of  54  jelly  and 
46  tan.     An  excess  of  the  solution  partly  re-dissolves  it. 

Upon  this  property  the  art  of  tanning  depends,  for  which  oak-  TMniij. 
bark  is  generally  employed  ;  tlie   barks,  however,  of  many 
other  trees  may  occasionally  be  substituted.'*' 

1847.  Tan  forms  a  precipitate  with  solution  of  starch,  with  UaiMwiiii 
gluten  and  albumen,  and  with  many  of  the  metallic  oxides.  An  iI^uih^'^mI 
account  of  the  precipitates  formed  in  metallic  solutions  by  infu-  i<>««- 
sion  of  galls,  will  be   found  in  the  Tables  :  but  these  precipi- 
tates are  very  complex,  and  vary  in  composition. 

1848.  If  the  solution  of  tan,  obtained  as  above-described 
from  catechu,  be  added  to  acetate  of  lead,  an  insoluble  tannate 
of  had  falls,  composed,  according  to  Berzelius,  of  100  tannin 
-f  52  oxide  of  lead.  Now,  if  we  suppose  that  tannin  forms 
definite  compounds  with  the  metallic  oxides,  in  the  manner  of 
a  vegetable  acid,  the  number  215,3  will  be  its  representative, 
as  deduced  from  the  above  datum. 

1849.  Mr.  Hatchett  has  shown  that  tan  may  be  formed  arti-  iirtifieuitma. 
ficially  by  digesting  charcoal  in  dilute  nitric  acid  during  several 

days;  it  is  at  length  dissolved,  and  a  reddish  brown  liquor  is 
«  obtained,  which  furnishes,  by   careful   evaporation,  a   brown 
glossy  substance,  amounting  to  about  120  parts  from  100  of 
charcoal. 

*  The  following  Table,  drawn  np  by  Sir  Htmiphnr  Dary.  exhibiu  the  arenye  quantity  of  tan  coo- 
tained  in  480  Ibt.  of  diflbrent  barkt  i-^^grioAltyr^  C%«mtf<ry,  4to.  p.  79. 

Ibt. 

Average  of  entire  bark  of  middle-eised  Oak,  cut  in  sprii^ 99 

—————— ^——^-- of  Spaoith  Chestnut 2lf 

— —             ■             -  — —  of  Leicester  Willow,  large  tixe S3 

of  Kim IS 

■                                            — of  Common  Willow,  large 11 

ofAeh       16 

of  Beech        10 

of  HorteC-hestnut 0 

—  ■   ■-           ■          ■  a — of  Sycamore II 

—    -                                  of  Lomburdy  Poplar 15 

— ^— — — — — ^— — of  Birch 8 

ofHiueH        14 

of  Black  Thorn       16 

—      .  ■                                   of  Coppice  Oak        82 

■■      ■                         ■    of  OwK  rut  io  .lutnmn 21 

— .                                         of  Larch  ciit  in  auluiun * *< 

White  interior  cortical  Uyera  of  Oak-bark       "^ 

t  Chestnut  wood  has  bcco  fonnd  to  contain  twice  as  much  tannin  as  the  inner  bark  of  the  o»k,  and  sii- 
eevenths  as  much  colouring  matter  as  logwood.  See  5lr  Sheldon's  p«p<?f  '»n  Jim»r.  Jour.  «f  Science, 
1.  812. 


COLOURINS   MATTER. 

This  artificial  tannin  appears  to  differ  in  one  circumstanu 
only  from  natural  tnnnin,  which  is,  that  it  resists  the  action  o( 
nitric  acid,  hy  which  all  the  varieties  of  natural  tannin  an 
dccQinposed,  thoiigli  some  are  more  capable  of  resisting  iti 
acLroo  than  others. 

Artificial  tnnnin  itas  a  bitterish  astringent  lasle,  is  soluble  ii 
water  and  alcohol,  and  forms  an  insoluble  precipitate  in  wAh 
tions  of  animal  gelatine,  the  precipitate  consisting,  according  M 
Mr  Halchelt,  of  36  tannin  +  64  gelatine. 

Muriatic  and  sulphuric  acids  occasion  brown  precipitate*,  in 
solution  of  ariifipial  tan,  which  are  soluble  in  hot  water.  It 
combines  with  the  alkalies,  and  forms  a  precipitate  of  difficult 
solubility  in  aqueous  solutions  of  lime,  baryta,  and  stronli3,aDd 
in  most  metallic  solutions;  these  precipitates  are  of  a  brown 
colour. 

1850.  A  variety  of  artificial  tan  is  formed  by  digesting  can- 
phor  and  resins  in  sulphuric  acid  till  the  liquor  becomes  black, 
and  on  being  poured  Into  water,  deposits  ablack  powder,  which, 
by  digestion  in  alcohol,  furnishes  a  brown  matter,  soluble  is 
water,  and  forming  an  insoluble  precipitate  with  gelatine.*  ^^^ 


Section  VIU,     Colouring  Matter 

iS51.  The  colouring  milter  of  vegetables  appears  to  reside 
in  several  of  their  principles,  and  is  therefore  very  difierentij 
acted  on  by  solvents.  Its  extraction,  and  transfer  to  dilliarenl 
substances,  constitutes  the  art  of  Dyeing. 

1S52.  Different  materials  not  only  possess  Very  diSereot 
attractions  for  dye  stuffs,  but  they  absorb  the  colouring  matter 
in  very  different  proportions.  Wool  appears  in  this  respect  la 
have  the  strongest  attraction  for  colouring  substances:  silk 
comes  next  to  it ;  then  cotton  ;  and.  lastly,  hemp  and  flax. 

1853.  Colours  have  been  divided  by  Dr  Bancroft,  in  hii 
work  on  permanent  Colours,  into  substantive  and  adjectiot. 
The  former  communicate  colour  without  the  intervention  of 
any  other  substance.  They  have  an  attraction  for  Ihe  fibre  of 
cloth  or  linen,  and  are  permanently  retained.  The  latter  re- 
quire the  intervention  of  some  body,  possessed  of  a  joint  attric- 
tion  for  the  colouring  material  and  stuff  to  be  dyed.  The  sob- 
stance  capable  of  thus  fixing  the  colour,  has  been  called  a  b€ai»i 
or  mordunt. 

1854.  The  mordants  most  frequently  applied  are  acetate^ 
alumina,  sulphate  or  acetate  of  iron,  and  muriate  of  tin 
The  substance  to  be  dyed  is  first  impregnated  with  the  mor- 
dant, and  then  passed  through  a  solution  of  tlie  colouring  mil- 
ter, which  is  thus  fixed  in  the  fibre,  and  its  tint  is  either  modi- 
fied or  exalted  by  the  operation. 

•Uilcbfll,  FkiU  7V»i.  ItM,  ItOt- 
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The  following  are  the  modes  of  producing  some  of  the 
principal  colours. 

1855.  Black  is  produced  by  astringents  and  salts  of  iron,  and  ^^'"'^* 
if  intended  to  be  deep  and  perfect,  the  cloth  should  previously 

be  dyed  blue  with  indigo.  The  stuff  is  first  soaked  in  a  bath  of 
galls,  then  rinced,  and  passed  repeatedly  through  a  solution  of 
sulphate  of  iron  in  infusion  of  logwood  ;  exposure  to  air  deep- 
ens the  colour,  which  at  first  has  a  purplish  tint.  Logwood 
tends  considerably  to  improve  the  black,  and  prevents  its 
acquiring  a  rusty  or  brown  hue.  Sometimes  madder  is  used 
for  the  same  purpose.  Silk  is  dyed  black  nearly  in  the  same 
way,  but  it  requires  a  much  larger  relative  proportion  of  galls, 
and  the  operation  must  be  frequently  repeated.  It  is  difficult 
to  give  a  good  and  permanent  black  to  calico;  in  this  process, 
acetate  of  iron,  galls,  and  madder  are  generally  used,  and  the 
colour  is  rendered  more  durable  by  previously  steeping  the 
goods  in  a  weak  solution  of  glue. 

Grey  is  produced  by  the  same  operations  as  black,  but  the  Grer. 
materials  are  used  in  a  very  dilute  state. 

1856.  Blue  is  chiefly  derived  from  indigo^  a  substance  pro-  Blue. 
duced  by  fermenting  the  leaves  of  several  species  of  the  indigo- 
ferOf  a  plant  abundantly  cultivated  in  South  America  and  in 
the  East  Indies. 

1857.  Indigo  is  a  substance  of  a  deep  blue  colour,  containing  iodig«. 
about  50  j9er  cent,  of  pure  colouring  matter,  which  is  perfectly 
insoluble  in  water ;  when  heated  it  sublimes  in  the  form  of  a 
blue  smoke,  which  on  condensation,  forms  acicular  crystals. 

It  is  soluble  in  concentrated  sulphuric  acid.  This  solution  is 
usually  called  Saxon  or  liquid  blue^  and  is  used  as  a  substan- 
tive colour  for  dyeing  cloth  and  silk.  Substances  which  pow- 
erfully attract  oxygen  render  indigo  green,  and  by  exposure  to 
air,  it  again  acquires  a  blue  colour.  In  this  green  state  indigo 
is  soluble  in  the  alkalies,  and  the  solution  is  commonly  employed 
for  dyeing  calico.  A  bath  for  this  purpose  may  be  made  by 
mixing  one  part  of  indigo,  two  parts  of  sulphate  of  iron,  and 
two  of  lime,  in  a  sufficient  quantity  of  water  :  in  this  case  the 
•ulphate  of  iron  is  decomposed  by  a  portion  of  the  lime.  The 
protoxide  of  iron  thus  produced  becomes  peroxidized  at  the 
expense  of  the  indigo,  which  is  rendered  green  and  soluble  in 
the  alkaline  liquor;  cotton  steeped  in  this  solution  acquires  a 
green  colour,  which  by  exposure'to  air,  and  washing  in  water 
acidulated  with  sulphuric  acid,  becomes  a  permanent  blue. 

A  little  iron  or  zinc  thrown  into  diluted  sulphate  of  indigo, 
changes  or  destroys  the  colour  in  consequence  of  the  evolution 
of  hydrozen  ;  the  colour  is  also  quickly  impaired  and  destroyed 
by  chlorine. 

1858.  The  analysis  of  indigo,  to  ascertain  the  proportion  of  An.i.vrtoi 
colouring  matter,  which  varies  much  in  different  saipples,  may  '^^^^i^- 
be  performed  by  the  successive  action  of  water,  alcohol,  and 
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muriatic  acid,   (Chevreol,  jlnn.  de  Ckim.  Ixvi.   : 
parts  of  Guatimala  indigo,  thus  treated,  afibrded 

!  Green  mailer  combined  mlh  ammoDta  \ 
K^"»« ''' !'"'!^°.  : :  ■.'.::  [ ' 

f  Green  iDHlter         1 

To  Alcohol.     <  Reiin >    J 

^AlrBueofiodigo S 

i  Red  reiin  

To  MutiBtic     1  Carlioiiate  of  lime 

Acid.  1  Oxide  «r  Iron       .......  | 

„     .,  <  Silica 

^  rure  iDorgo       ........  • 


1S59.  There  appears  to  be  a  certain  slage  of  oxy^nizemenl  io 
i  indigo,  which  is  essential  to  the  developement  of  Its  blue  colour, 
and  any  proporiton  of  oxygen,  either  exceedint;  or  falling  short 
of  this,  is  equally  destructive  of  its  perfect  hue.  Thus  diluted 
nitric  acid  dissolves  indigo,  but  the  solution  is  yellow,  and  the 
iodigo  is  decomposed.  A  thin  layer  of  resinous  matler  appean 
floating  in  the  solution.  If  this  he  removed,  and  the  soIuUod, 
after  evaporation  to  the  consistence  of  honey,  be  re-dissolved  ic 
hot  waler, filtered,  and  mixed  with  a  solution  of  potassa,  yellow 
crystals  appear,  which  consist  of  the  hitler  principle  anited 
with  potassa.  These  crystals,  being  wrapped  up  in  paper  ud 
struck  with  a  hammer,  detonate  and  emit  a  purple  light.  If,  to 
a  drachm  or  two  of  finely  powdered  indigo,  we  add  an  ountt 
measure  of  fuming  nilrous  acid,  the  mixture  presently  beeomoi 
hot,  nitrous  gas  is  evolved,  a  stream  of  sparks  arises,  from  i^ 
and  finally  the  whole  bursts  into  flame.  When  the  actioikttf 
the  nitric  acid  Is  moderated  by  adding  an  equal  bulk  of  watel^ 
and  the  mixture,  after  being  digested  for  some  days,  is  evapfr 
rated  to  dryness,  the  residuum  is  soluble  in  water,  and  conlaiM 
a  sDiatl  proportion  of  oxalic  acid,  with  a  considerable  quantity 
of  artificial  tan.  Benzoic  acid  may  also  be  obtained  from  the 
dry  mass  by  sublimation.  It  appears  then  that  by  the  action  of 
nitric  acid  on  indigo,  there  are  generated  oxalic  and 
acida,  tan,  and  the  bitter  principle.     H.  261. 

traltAUt  Mlphuric  >el<l  updo  ^1 
•«  liquid  InU  lUllcjrlinilrio 

with  iL  ifitatilit  it  tlowly.  uid 
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1860.  Chlorine  destroys  its  colour^  and  the  same  quantity  of  Effect  of 
free  chlorine  discolours  always  the  same  quantity  of  indigo.  ^  ''"'^ 
Hence  a  solution  of  indigo  in  sulphuric  acid  has  been  employed 

for  measuring  the  strength  of  solutions  of  chlorine  and  of  chlo- 
ride of  lime,  in  order  to  regulate  their  application  to  the  process 
of  bleaching.* 

1861.  To  obtain  indigo  of  sufGcient  purity  for  experiment.  To  obuio 
the  yellow  solution  of  de-oxidized  indigo  by  lime,  which  forms  p""**^**^"- 
the  dyer's  blue  vat,  may  be  agitated  in  contact  with  air,  which 

will  revive  the  indigo,  and  precipitate  it  purified  to  a  certain 
degree.  The  precipitate  may  be  digested  in  dilute  muriatic 
acid,  which  will  remove  a  little  iron  and  carbonate  of  lime.  It 
is  then  to  be  washed  with  distilled  water,  and  dried.t 

Indigo  may  be  purified  more  completely  by  sublimation. 
About  ten  grains  of  purified  indigo,  in  lumps  of  about  1  grain, 
may  be  placed  in  a  shallow  metallic  capsule  of  about  3  inches 
diameter,  covered  with  a  similar  capsule,  the  concave  sides  of 
both  being  placed  inwards,  and  at  a  distance  not  exceeding 
three-eighths  of  an  inch  in  the  middle.  Mr  C'rum  used  two 
platinum  crucible  covers,  but  similarly  shaped  vessels  of  other 
metals  would  probably  answer  equally  well.  The  lower  capsule 
18  to  be  heated  by  a  spirit  lamp;  and  when  a  hissing  noise, 
which  at  first  attends  the  process,  has  nearly  ceased,  ihe  lamp 
is  to  be  withdrawn,  and  the  apparatus  allowed  to  cool.  On 
remoying  the  cover,  the  sublimed  indigo  is  found  planted  on  its 
inner  surface,  forming  long  flat  needles,  in  quantity  equal  to  18 
or  20  per  cent,  of  the  original  weight,  and  of  a  brilliant  and  in-  . 
tense  copper  colour.  The  colour,  however,  varies  with  the  cir- 
cumstances under  which  the  crystals  are  observed.  The  speci- 
fic gravity  of  the  sublimate  is  1,3. 

1862.  Sublimed  indigo  is  fusible  and  volatile  at  a  heat  of  sahnmed  io- 
about  550^  Fahrenheit,  leaving  no  residue  when  heated  in  open  *^'^*'* 
▼easels.     Its  vapour  is  transparent  and  of  a  beautiful  violet  col- 
our, differing  from  that  of  iodine  by  a  shade  of  red.     The 
melting  point  of  indigo,  that  at  which  it  sublimes,  and  that  at 
which  it  is  decomposed,   appear  to  be  remarkably  near  each 

other.  Boiling  oil  of  turpentine  dissolves  enough  of  i»urified 
indigo  to  acquire  the  same  fine  violet  colour  as  its  vapour,  but 
deposits  it  again  on  cooling. 

By  the  ignition  of  sublimed  indigo  with  peroxide  of  copper 
in  green  glass  tubes,  its  analysis  gave 

Carbon  .        .        .  73,22  A„,   „. 

Aiote  ...  11,96 

Oxjgen  .        .        .  12,60 

Hjrdrogeo  .        .        .  2,92 

100,00 

*Forftd«ieriptioo  of  an  imtnunent  for  thii  purpote  contrived  hj  H  Gaj  Luwac,  weJlnn.de 
6IUm.  «I  Ph^.  for  JuM  lft24. 

fSe*  an  intcrestuif  papor,  coDtainin;  **  Ezperimentt  and  ObsenratioQs  on  Indif^,  and  on  certain 
tobfltaaeet  which  ar«  prodncod  from  it  bj  meant  of  Snlphurio  Acid,'*  br  Mr  Walter  Crum  of  Glas- 
gow, ia  Uie  Anaalt  of  Philoaopby,  N.  S.  r.  81. 
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These  numbers  correspond  very  nearly  to 

Carbon    .    .     16  •toms  =  06    .     .     or    .     .     .  73,84 

Axole        .     .        1  liilto    =  14     .     ,     or     .     .     .  I0,T7 

Otjgen    .     .      Sdilto    =  10    .     .    or    .     .    .  18,31 

Hjdrogen     .      4  ditto   =    4     .     .    er     .     .     .  3,03 


Talenlm 


.   130 


100," 


II.  2.G7I, 


1  1S63.  By  the  action  of  sulphuric  acid  on  indigo  two  new 
substances  are  obtained  lermed  by  Mr  Crum  Cerulin  and  Phf- 
nicin.  To  prepare  the  former,  the  indigo  is  digested  in  the 
scid,  the  mixture  is  dissolved  in  a  large  quantity  of  sulphuric 
acid,  and  the  filtered  solution  is  precipitated  by  potassa.  The 
precipitate  consists  of  cerulin,  in  combination  with  the  sul- 
phate of  potassa  and  has  been  called  Ceruleo-svlphatt  nf  po- 
iassa.  It  requires  about  140  parts  of  water  for  its  solution, and 
forms  a  very  deep  blue  coloured  liquid.  In  its  properly  of 
forming  insoluble  compounds  with  neutral  salts,  cerulin  is 
analogous  to  tan.  From  its  ultimate  analysis  it  appears  to  con- 
sist of  I  atom  of  indigo  -|-  ^  atoms  of  water. 

1  1SG4.  Phenicin  is  procured  by  stopping  the  action  of  the 
acid  on  indigo  before  it  is  converted  into  cerulin  ;  diluting, 
fdtering  and  washing  the  mixture  with  water,  when  it  becomes 
of  a  bottle  green  colour  :  muriate  of  potassa  is  added  lo  the  blue 
washings  which  are  finally  obtained,  when  the  phenicin  is 
precipitated  of  a  fine  reddish  purple  colour,  it  is  soluble  in 
water,  and  in  alcohol,  forming  blue-coloured  solutions,  and  is 
easily  converted  into  cerulin  by  the  action  of  water.  From  its 
idlimate  analysis  Mr  Crum  is  disposed  to  consider  phenicin  as 
constituted  of  I  indigo  +  3  water. 

1865.  The  colouring  matter  of  vegelables,  besides  being  capa- 
ble of  fixation  on  cloth,  may  be  obtained  in  a  dry  lorm,  in  eom- 
binatiou  with  a  base  only.  Thus,  if  to  a  decoction  or  infusion 
of  madder  in  water,  a  solution  of  sulphate  of  alumina  be  added, 
the  colouring  matter  is  precipitated  in  combination  with  the 
alumina,  forming  what  is  termed  a  take.  For  obtaining  this, 
ihe  following  process  is  given  by  Sir  H.  Englefield.  Put  two 
ounces  of  Dutch  crop-madder  into  a  calico  bag,  capable  of  hold- 
ing three  or  four  times  that  quantity.  Four  on  it  a  pint  of  dii- 
tillcd  water,  and  triturate,  in  a  mortar,  as  much  as  can  be  done, 
without  destroying  the  bag,  The  water  becomes  loaded  with' 
colouring  matter,  and  is  opaque  and  muddy.  Four  oB*  this  por- 
tion, and  repeat  the  operation  till  no  more  colour  is  ohtainedi 
which  will  generally  happen  after  the  fifth  or  sixth  aSusion. 
Pour  these  several  washings  into  an  earthen  or  well-tinned  cop- 
per pan  ;  and  apply  heat  till  the  liquor  boils.  Let  it  then  be 
poured  into  a  basin ;  and  one  ounce  of  alum,  dissolved  in  A 
pint  of  water,  be  added,  and  mixed  by  stirring.     Add  an  oimce 
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and  a  half  of  saturated  solution  of  sub-carbonate  of  potassa;  a  vio- 
lent efiervescence  will  ensue,  and  the  colouring  matter  will  be 
precipitated.  Stir  the  mixture  till  cold,  and  wash  repeatedly 
with  boiling  water.  About  half  an  ounce  of  lake  will  be 
obtained,  containing  two-fifths  its  weight  of  alumina. 

Other  lakes  may  be  obtained  of  diflerent  colours,  by  the  sub- 
stitution of  different  dyeing-woods ;  and  from  the  infusion  of 
cochineal,  the  beautiful  pigmopt  called  Carmine  is  precipitated 
by  means  of  a  solution  of  tin.     H.  2.  263. 

1866.  Yellow.    There  are  several  dyestufis  employed  in  the  Yeiiow. 
production  of  yellows.     A  decoction  of  Weld  {Reseda  Lu- 
ieoloy)  with  an  aluminous  mordant  gives  a  good  yellow,  which 

is  rendered  more  brilliant  by  tartar,  and  by  permuriate  of  tin. 

The  bark  of  the  American  oak  {Quercus  Nigra,)  or  Qtierci- 
iron  barky  also  furnishes  excellent  yellows;  it  was  first  intro- 
duced into  England  by  Dr  Bancroft,  %vho  has  fully  and  philo- 
sophically detailed  its  various  applications.*  The  salts  of  alum- 
ina and  of  tin  are  the  principal  mordants  employed  both  with 
wool  and  cotton.  ^ 

Fustic  woody  sumaCy  and  dyers*  brooniy  are  also  occasion- 
ally employed  as  sources  of  yellow  colours. 

1867.  Reds  are  chiefly  produced  from  madder y  the  prepared  Reds. 
root  of  the  Rubia  Tinctorum.    The  colouring  matter  is  fixed 

by  an  aluminous  mordant,  assisted  by  galls,  but  the  process  is 
very  complex  and  circuitous.  In  Dr  Bancroft's  work  above 
quoted  (vol.  ii.)  are  full  details  upon  this  subject ;  and  a  per- 
spicuous abstract  of  them  will  be  found  in  Aijlim's  Dictionart/y 
Art.  DrsiNe. 

Brazil  wood^  safflower^  and  logwood  are  occasionally  em- 
ployed as  red  or  pink  dye  stuffs,  but  they  only  give  fugitive 
colours. 

1868.  Scarlet  is  produced  exclusively  with  the  colouring  scariet. 
matter  of  the  cochinealy  a  small  insect  'brought  from  Mexico, 
where  it  is  found  upon  different  species  of  the  Opuntia.  The 
nature  of  this  colouring  matter  has  been  investigated  by  M.  M. 
Pelletier  and  Caventou ;  it  is  united  in  the  insect  with  a  pecu- 
liar animal  matter,  fat,  and  some  saline  substances ;  they  sepa- 
rated it  by  exposing  a  strong  alcoholic  tincture  of  cochineal  to 
spontaneous  evaporation  ;  it  deposited  a  crystalline  matter,  which 

was  re-dissolved  in  alcohol  and  the  solution  mixed  with  its  bulk 
of  sulphuric  ether ;  this  caused  it  in  a  few  days  to  deposit  the 
pure  colouring  principle,  which  they  call  Carminium :  Dr 
John  has  proposed  for  it  the  term  Coccinellin,  This  substance 
is  fusible  at  about  120^,  very  soluble  in  water,  less  so  in  alco- 
hol, and  insoluble  in  ether ;  the  acids  change  its  colour  from  • 
purple  to  pale  red  or  yellow:  the  alkalies  render  it  violet; 
and  its  colour  is  impaired  by  most  saline  solutions.  It  readily 
combines  with  alumina,  forming  a  beautiful  lake  or  carmine. 

*  ExperioicDUl  RcMarchet  conceroiog  tk«  PbUot^y  of  Pcmaaeot  Cotoiin,  Ifce.  Loodoa,  ItlS. 


riety  of 
ssine  ^^ 


The  colouring  matter  of  cochineal  is  fixed  upon  wool  by  nilro- 
Riurtate  of  tin  and  tartar,  by  which  scarlets  are  produced  and 
alum  changes  the  scarlet  to  crimson.  Collon  and  linen  are  very 
rarely  dyed  with  cochineal,  for  independent  of  its  great  ei- 
pense  the  colours  are  Utile  superior  to  those  given  by  madder. 

1S69,  BuffunA   Fawn  Colour  are  produced  in  a  variety  ^^ 
ways.      Walnvl-htisks  and  Sumac,  with  alum  mordants,  ^ 
durable  colours  of  this  description,  which  are  rendered  r 
or  Grey,  by  a  very  lillle  iron. 

1870.  Green  is  obtained  on  woollen  cloth,  by  passing  1 
throu£;h  ihe  green  indigo  vat.  and  ihen  dyeing  it  as  for  simple 
yellows,  the  relative  proportion  of  the  blue  and  yellow  being 
adjusted  to  the  intended  intensity  of  the  green.  Silk  is  first 
dyed  yellow,  and  afterwards  blued  with  Indigo.  Saxon  green 
is  done  by  dyeing  yellow  upon  a  Saxon  blue  ground.  A  solu- 
tion of  verdigris  in  vinegar  is  sometimes  used  lo  produce  a  deli- 
cate green  ;  pearlash  Is  added  before  it  is  used,  and  the  cotton 
previously  impregnated  with  the  alum  mordant,  is  then  passed 
through  ihe  mixture." 

1871.  Calico-printing  is  a  more  refined  and  difficult  branch 
of  the  art  of  dyeing.  In  this  process  adjective  colours  are  almost 
always  employed.  The  mordants,  the  principal  of  which  are 
acetate  of  alumina,  and  acetate  of  iron,  are  first  applied  to  Ihe 
calico  by  means  of  wooden  blocks  or  copper  plates,  U|>on 
which  Ihe  requisite  patterns  are  engraved.  The  stuff  is  then 
passed  through  the  colouring  balh,  and  afterwards  exposed  on 
the  bleaching  ground,  or  washed.  The  colour  flies  from  those 
parts  which  have  not  received  the  mordant,  and  is  permanenily 
retained  on  those  parts  only  lo  which  the  basis  has  been  appli- 
ed:  variety  of  colours  is  produced  by  employing  various  mor- 
dants and  different  colouring  materials. 

White  spots  upon  a  dark  ground  are  sometimes  produced  by 
covering  the  parts  with  wax,  pipe-clay,  or  other  materials, 
which  prevent  the  contact  of  the  colour;  or  citric  acid, 
thickened  with  gum,  is  applied,  like  a  mordant  with  a  block  or 
plate  which  prevents  the  retention  of  the  colour.  Sometimes 
the  colour  is  discharged  in  places  by  the  application  of  chlo- 
rine.t 


Section  IX.     Wax. 


1S73.  This  principle  exists  in  many  plants;  it  may  be  i 
lalned  by  bruising  and  boiling  them  in  water;  the  wax  i  ~' 
rates  and  concretes  on  cooling. 


UdSoL 
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The  berries  of  the  Myrica  ctrifera^  and  the  leaves  and  stem 
of  the  Ceroxt/ Ion  Sifford  considerable  quantities  of  wax  by  this 

!>rocess.*  The  glossy  varnish  upon  the  upper  surface  of  the 
eaves  of  many  trees  is  of  a  similar  nature,  and  though  there 
are  shades  of  difference,  these  varieties  of  wax  possess  the 
essentia)  properties  of  that  formed  by  the  bee. 

1873.  Pure  wax  is  colourless  and  insipid  ;  its  specific  gravity  ?roptrtias. 
is  about  ,96  :  it  is  insoluble  in  water,  and  fusible  at  a  tempera- 
ture of  about  150^  ;  at  a  higher  temperature  it  is  converted  into 
vapour,  and  at  a  red  heat  it  burns  in  the  contact  of  air  with  a 
bright  flame.  It  is  sparingly  soluble  in  boiling  alcohol  and 
ether,  and  is  deposited  as  the  solutions  cool.  The  fixed  oils, 
when  assisted  by  heat,  readily  dissolve  it,  and  form  a  compound 

of  variable  consistency,  which  is  the  basis  of  cerates  and  oint-  ceratft. 
ments.     Some  of  the  volatile  oils  also  dissolve  wax,  when  aid- 
ed by  heat.     It  is  soluble  in  the  fixed  alkalies,  forming  soapy 
compounds ;   but  the  acids   scarcely  act  upon  it ;   hence  the 
advantage  of  u^oar/u/e  for  the  retention  of  corrosive  vapours. 

1874.  When  bees*-wax,  or  myrtle-wax,  are  digested  in  boil- 
ing alcohol,  they  afibrd,   according  to  Dr  John,  a  soluble  and 
insoluble  portion ;   he  has  called   the  former  cerin^  the  latter 
myricin.     Cerin   is  insoluble  in  water  and  in  cold  alcohol  and  ^«n<>* 
ether,  but  dissolves  in  those  liquids  when  heated.     Myricin  is  ^jn^'"*- 
insoluble,  under  all  circumstances,  in  alcohol  and  ether. 

The  term  cerine  has  been  applied  by  Chevreul  to  a  principle  cenn^ 
resembling  wax  which  he  separated  from  cork  ;  it  is  less  fusible 
than  wax,  more  soluble  in  alcohol,  and  partly  converted  into 
oxalic  acid,  bv  the  action  of  nitric  acid. 

Gay  Lussac  and  Thenard,  and  Dr  Ure,  have  analyzed  yellow 
wax  by  combustion  with  peroxide  of  copper  and  deduced  its 
elements  to  be 

Carbon 81,784  ....  80,69 

Oxygen 5,544  .  .  •  .     7,94 

Hydrogen  ....  12,672  ....  11,37 

loot  loot 

The  atomic  constitution,  most  consistent  with  these  results  is. 

Carbon  ...  13  atoms  ....  78  .  •  80,41 
Oxygen  .  .  1  atom  ....  8  .  .  8,26 
Hydrogen   .  11  atoms  ....  11  ..  11,33 

97       100. 

But  it  is  not  improbable,  as  Dr  Ure  has  remarked,  that  an 
atom  more  of  hydrogen  may  exist  in  wax  than  has  been  dis- 
covered by  analysis,  and  that  it  may  consist  of  12  atoms  of 
olefiant  gas  -|-  1  atom  of  carbonic  oxide.     H.  2.  275. 

.    •  Bottoek,  Nkbolaoo*!  Jewnul,  Vol  W.  Bnadt.  PkH  TVww.  1811.   Duia,  id  jf  aiMr.  Jvwnal  ^ 
1. 
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Section  X.    Fixed  OH. 

1S75.  FrxED  Oil  is  generally  Dbtaioed  by  pressure  from  c»- 
lain  seeds,  such  as  the  almond,  linseed,  and  many  others  and 
from  the  olive.  TJie  specific  gravity  of  the  fixed  oils,  is  iiso- 
ally  a  lillle  below  that  of  water.  Tliey  are  viscid ;  insipid,  or 
nearly  so  ;  and  generally  congeal  at  a  temperature  not  so  low  M 
that  required  to  freeze  water.  A  few  of  them  are  solid  at  the 
ordinary  temperature,  and  faave  been  called  vegetable  butlert. 
They  are  insoluble  in  water,  hut  by  the  aid  of  mucilage  may 
be  diSused  through  it,  forming  ejnutsions.  They  are  fur  ihe 
most  part  sparingly  soluble  in  alcohol  and  ether,  though  castor* 
oil  dissolves  iu  any  quantity  in  those  fluids.* 

1876.  Olive  oil  is  sometimes  adulterated  with  that  of  certlta 
seeds,  which  may  be  detected  by  the  nclion  of  nitrate  of  mer- 
cury. For  this  purpose,  6  parts  ofmercury  are  dissolved  with- 
out heat,  in  7,5  parts  of  nitric  acid,  specific  gravity  1,36  ;  thi* 
solution,  shaken  with  olive  oil,  becomes  solid  in  a  tew  hours; 
but  if  sophisticated  with  nil  of  grains,  it  does  not  solidify  iL 

1877.  If  oil,  which  hns  been  congealed  by  cold,  be  submittsd 
to  pressure  between  folds  of  bibuiuus  paper,  a  dry,  concrets, 
fatly  matter  is  obtained,  which  Chevreiil  has  called  Slearine: 
the  paper  absorbs  a  fluid  matter,  which  does  not  coDgeil  tt  a 
much  lower  temperature,  and  which,  though  it  does  not  become 
rancid,  acquires  viscidity  by  exposure  to  air.  This  fluid  pari 
he  has  called  Elaine.  The  relative  proportions  of  these  pnn- 
ciples  differ  in  the  different  oils.t — Jtnnales  lie  Chimie,  Tom. 
xciii.  xciv. — See  *l}iirnal  Oils. 

M.  Pictel's  method  of  procuring  elaine,  consists  in  pouring 
upon  oil  a  concentrated  solution  of  caustic  soda,  stirring  Um 
mixture,  heating  it  slightly  to  separate  the  elaine  from  the  nap 
of  the  slearine,  pouring  it  on  a  cloth,  and  then  separating  by 
decantalion  the  elaine  from  the  excess  of  alkaline  solution. 

1S78.  These  oils  cannot  be  volatilized  wilhout  decompoti- 
tlon,  which  takes  place  at  a  temperature  of  about  600°,  aod 
water  is  copiously  formed,  ailended  by  the  separalion  of  cai^ 
bonaceous  matter,  which  causes  the  oil  to  blacken  and  grow 
thick  ;  a  portion  of  acetic  acid  is  also  at  the  same  time  formed. 
If  the  vapour  be  collected,  it  is  found  acrid,  sour,  and  empy- 
reumatic',  it  was  formerly  employed  in  pharmacy,  under  the 
name  of  philosopher's  oil,  and  as  it  was  often  oblaioed  by  steep- 


c  fne  froB  <.erj  lirad  of  ■«J,oc  of  muuliiD,  (bml  il  ibs.lil  U  rul  U  | 
I  ofiOnrina.  In  erdfi  tuoilucL  Ihr  eluasrniD  Kui  sil,  H.  CbcTnol  t 
■a  Unci  iu  waif  hi  dI  sIi^dIiiiI  BF>rl;lKiiliiij.JtciBtiii[l)wlIqiid.  and  o 
ov  will  Ibed  Hpuvtr  UAhe  fbrm  ot  a  tty^^tUittA  ^t*cipil«t«.    Hib  t^e 
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ing  a  brick  in  oil,  and  sabmitting  it  to  distillation^  it  was  also 
eMed  aU  of  Meks.  Passed  through  a  red  hot  tube,  the  fixed  ^•'•^'^ 
oils  furnish  a  Tery  large  proportion  of  carburetted  hydrogen  gas ; 
and  when  burned  in  the  wicks  of  lamps  they  suffer  a  similar 
decomposition,  and  water  and  carbonic  acid  are  the  products  of 
their  combustion. 

1879.  The  greater  number  of  the  fixed  oils  undergo  little 
ether  change  by  exposure  to  air  than  that  of  becoming  some- 
what more  viscid,  and  acquiring  a  d^ree  of  rancidity.  In  this 
state  they  contain  free  acid,  and  redden  v^etable  blues.  Some 
few,  such^as  linseed,  and  nut-oil,  and  the  oils  of  the  poppy  and 
hemp-seed,  become  covered  with  a  pellicle,  and  when  thinly 
spread  upon  a  surface,  instead   of  remaining  greasy,  become 

hard  and  resinous;  these  are  termed  drying  ails^  and  their  ^>n^^^' 
drying  quality  is  much  improved  by  boiling  them  upon  a  small 
quantity  of  litharge. 

1880.  The  drying  oils,  and  especially  nut-oil,  form  the  basis 

o( prinier^s  ink,  the  history  of  which  will  be  found  in  Lewis's  «*«■*««'  "* 
PhiL  Commerce  of  the  Arts.  The  oil  is  heated  and  set  fire  to, 
and  after  having  been  suffered  to  burn  for  half  an  hour  is  extin- 
guished, and  boiled  till  it  acquires  a  due  consistency  ;  in  this 
state  it  is  called  Famish,  and  is  viscid,  tenacious,  and  easily 
miscible  with  fresh  oil,  or  with  oil  of  turpentine,  by  which  it  is 
properly  thinned,  and  afterwards  mixed  with  about  one-eighth 
part  of  lamp-black. 

1881.  Nitric  acid  acts  with  great  energy  on  the  fixed  oils,  ^ctioa  •( 
In  a  small  proportion,  its  chief  effect  is  to  render  them  thicker.  ^^^  *^*^ 
When  distilled  together  with  a  larger  proportion  of  acid,  the  oil 

is  decomposed,  and  nitrous  gas,  disengaged;  oxalic  acid  remain- 
ing in  the  retorL  Red  and  smoking  nitric  acid,  when  sudden- 
ly mixed  with  a  fixed  oil,  especially  with  the  addition  ofa  little 
sulphuric  acid,  occasions  a  violent  combustion.  Chlorine  gas, 
passed  through  them,  thickens  them,  and  renders  them  tena- 
cious like  wax.     H. 

1882.  The  alkalies  readily  combine  with  the  fixed  oils,  and  ^^/^^' 
form  white  compounds  called  Soap.     Of  these  the  most  impor-  ^l 
tant  is  the  soap  of  soda,  which   is  thus  made :  Five  parts  of 
barilla  are  mixed  with  one  of  lime  and   a  proper  quantity  of 
water.     In  this  way  a  ley,  or  solution  of  caustic  soda,  is  obtain- 
ed, which  is  boiled  in  an  iron  pot  with  six  parts  of  oil  till  the 

soap  separates,  which  is  accelerated  by  the  addition  of  common 
salt;  it  is  then  suffered  more  perfectly  to  congeal,  and  in  a  few 
days  becomes  hard  enough  to  cut  into  forms.t  The  best 
soaps  are  made  with  olive  oil  and  soda  ;  in  this  country  animal 
fat  18  usually  employed  for  the  common  soaps,  to  which  resin 
and  some  other  substances  are  occasionally  added.  Soft  Soap 
is  a  compound  of  potassa  with  some  of  the  common  oils ;  even 
fish  oil  is  often  used. 

*  AikM*t  Iheiionmrf,  Art  51oftp. 
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Soap  furnishes  a  milky  solution  with  water.  It  dissolves  in 
alcohol,  and  ihe  solution,  if  concentrated,  is  of  a  gelatinous  con- 
sistency. By  carefully  distilling  ofi*  the  alcohol,  a  transpartnt 
soap  is  obtained. 

The  acids  and  the  greater  number  of  sails  decompose  soap, 
forming  in  most  caves  a  compound  of  difficult  solubiliiy  ;  hence 
Aard  waters  are  vnfii  for  washing,  in  consequence  of  contain- 
ing sulphate  of  lime ;  hence  also  the  alcoholic  solution  of  soap 
is  useful  as  a  test  for  aacerlnining  the  fitness  of  water  for  this 
purpose,  which.  If  it  becomes  very  turbid,  cannot  in  general  be 
used  for  washing. 

When  soaps  are  decomposed  by  the  acids,  the  oil  which  they 
contain  Is  found  to  have  undergone  a  change,  ihe  history  of 
which  will  be  noticed  under  the  head  oi  animal  oih. 

18S3.  The  fixed  oils  readily  combine  with  oxide  of  lead, 
when  aided  by  heat,  forming  the  compound  usually  termed 
plaster  ;  with  the  oxides  of  mercury  and  bismuth  they  produce 
very  similar  combinalions,  and  are  also  capable  of  dissolving 
white  arsenic  in  large  proportion, 

1884.  The  ultimate  components  of  olive  oil,  as  given  br 
Gay-Lussac  and  Thenard,  are 

Carbon 77,213 

Oxygen 9,4^7 

Hydrogen 13,360  i 


The  analysis  may  be  differently  stated  as  followtfj 

Carbon 77,2i;" 

Oxygen  and  hydrogen  in  the?      ^^  _ 

proportions  to  form  water  J  ' 

Excess  of  hydrogen 12,075 

100. 
Olive  oil,  then  probably  consists  of 

10  atoms  of  carbon    ...  60  ...  . 
1  atom  of  oxygen    ...     6  .  .  .  . 

11  atoms  of  hydrogen     .   II   .  .  .  . 

79  100 

Or  supposing  each  atom  of  carbon  to  be  associated  with  1  ti 
hydrogen,  it  will  contain  10  atoms  of  olefiant  gas,  +  1  atom  «rf 
oxygen  and  1  of  hydrogen,  the  two  latter  probably  constilutine 
I  atom  of  water.  Hence  olive  oil  must  contain  nine-lcntba  ra 
its  weight  of  the  elements  of  olefiant  gas,  in  due  proportions  U 
form  that  aeriform  compound.     H.  2.  229. 

1885,  The  fixed  oils  have  a  singular  property,  which  has  led 
sometimes  to  serious  accidents.  When  mixed  with  lampblack, 
or  with  any  light  kind  of  charcoal,  and  even  with  several  vege- 
table subsUnces,  as  cottou,  wool,  or  flax,  the  mixture,  aAer 
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some  time,  heats  spontaneously,  and  at  length  bursts  into  flame. 
This  combustion  has  sometimes  been  observed  to  take  place  in 
the  waste  cotton,  employed  to  wipe  the  oil  from  machinery  ; 
and  has  probably  occasioned  many  of  the  dreadful  fires,  which 
have  happened  in  cotton-mills,  and  for  which  no  adequate  cause 
could  be  assigned.* 


Section  XI.     Volatile  CHU. 

1886.  These  oils  are  generally  obtained  by  distilling  the  ifow«buia. 
plants  which  afford  them  with  water  in  common  stills  ;  the  ^^' 
water  and  oil  pass  over  together,  and  are  collected  in  the  Italian 
recipient  shown  in  fig.  125.  in  which  the  water  having  reached 
the  level  a  6,  runs  off  by  the  pipe  c.  and  the  oil  being  generally 
lighter  than  water,  floats  upon  its  surfece  in  the  spacer  d. 
The  whole  contents  of  the  recipient  are  then  poured  into  a  fun- 
nel, the  tube  of  which  is  closed  with  the  finger,  and  when  the 
oil  has  collected  upon  the  surface,  the  water  is  sufiered  to  run 
from  it,  and  the  oil  transferred  into  a  bottle.  The  distilled 
water  being  saturated  with  the  oil,  should  be  retained  for  a 
repetition  of  the  distillation.  The  produce  of  oil  is  sometimes 
increased,  by  adding  salt  to  the  water  in  the  still,  so  as  to  ele- 
yate  its  boiling  point  a  few  degrees. 

Some  of  the  volatile  oils  are  obtained  by  expression,  such  as 
those  of  lemony  orange^  and  Bergamotj  which  are  contained 
in  distinct  vesicles  in  the  rind  of  those  fruits. 

J 887.  The  volatile  oils  vary  considerably  in  specific  gravity, 
as  will  be  seen  by  referring  to  the  Tables, 

The  volatile  oils  have  a  penetrating  odour  and  taste,  and  are  Piopfrties. 
generally  of  a  yellowish  colour;  they  are  for  the  most  part 
very  soluble  in  alcohol,  and  very  sparingly  soluble  in  water; 
these  solutions  constitute  perfvmed  essences  and  distilled 
waters.  The  latter  are  principally  employed  in  pharmacy,  and 
the  former  as  perfumes. 

When  pure  they  pass  into  vapour  at  a  temperature  some- 
what above  that  of  212^,  but  when  distilled  with  water,  they 
pass  over  at  its  boiling  point.  ^They  are  inflammable,  and  wajer 
and  carbonic  acid  are  the  results  of  their  perfect  combustion. 
As  many  of  these  oils  bear  a  very  high  price,  they  are  not  un- 
frequently  adulterated  with  alcohol  and  fixed  oils.  The  former  AduUemtioo. 
addition  is  rendered  evident  by  the  action  of  water ;  the  latter 
by  the  greasy  spot  which  they  leave  on  papei*,  and  which  does 
not  evaporate  when  gently  heated. 

1888.  The  volatile  oils  absorb  oxygen,  when  long  exposed  to  Action  of 
it,  and  become  thick  and  resinous.     They  also  absorb  chlorine.  c6*ieri»e.iLc. 
Nitric  and  sulphuric  acids  rapidly  decompose  the  volatile  oils : 

•  Sm  duart  Jov.  r.  967.^ 
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CAMPHOR. 

a  mixture  of  four  pails  of  nitric,  and  one  of  sulphuric  acii!, 
poured  into  a  smnll  quantity  of  oil  of  turpentine,  proiluces  in- 
stant inilammatiou,  ami  muriatic  acid  is  produced,  along  with  ■ 
peculiar  substance,  in  some  cases  not  unlike  camplior.  Iodine 
produces  changes  somewh^it  analogous.  Muriatic  acid  combines 
with  several  of  tliem,  and  forms  a  crj'slallizablc  coffl]K)und 
which  has  been  compared  lo  camphor. 

The  relative  quantity  of  csaonlial  oils,  furnished  from  differ- 
ent materials,  is  liable  lo  much  variation  ;  the  products  of  1  cwi. 
of  the  different  vegetable  substances  are  given  below.* 


Section  XII.     Camjihor. 

J-  issg.  This  substance  In  many  respects  resembles  the  essen- 
tial oils ;  like  Ihcm  it  is  volatile,  inflammable,  soluble  iu  alco- 
hol, and  sparingly  soluble  in  water. 

>-  In  its  ordinary  slale  it  is  white,  semi-transparent,  and  con- 
crete.    Its  specific  gravity  ,93.     It  fuses  at  about  300°,  in  close 

'-  vessels.  It  dissolves  in  Ihcfixcdand  volatile  oils.  It  isscarce- 
ly  acted  upon  by  the  alkalies  ;  some  of  the  acids  dissolve,  others 
decompose  it.t 

If  mixed  with  bole  or  powdered  clay,  and  repeatedly  distil- 
led, it  is  almost  entirely  converted  into  a  liquid,  having  Ihc 
characters  of  essential  oil. 

The  camphor  of  commerce  is  obtained  from  the  Laurus  Cam- 
phora,  and  comes  chiefly  from  Japan.  It  is  ori^ioallyseporaled 
by  distillation,  and  subsequently  purified  in  Europe  in  a  sub- 
liming vessel  somewhat  of  the  shape  of  a  turnip,  from  which 
the  cakes  of  camphor  derive  their  form. 

i-  1S90.  When  camphor  is  repeatedly  distilled  with  nitric  add 
it  is  converted  into  cuinpliortc  add.  For  this  purpose  four 
ounces  of  camphor,  reduced  to  powder  by  Iriturnling  it  with  a 
few  drops  of  spirit  of  wine,  may  be  introduced  into  a  two-quart 
tubulated  retort,  placed  in  a  sand-heat :  pour  upon  it  30  ounces 
of  common  nitric  acid,  and  proceed  to  slow  distillation.  When 
two  thirds  of  the  acid  have  passed  over,  return  it  into  the  retort 
and  distil  as  before,  repealing  the  operation  twice  more  ;  after 
whtcli,  as  the  liquor  couls,  a  quaulity  of  crystals  of  camphoric 
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acid  are  deposited,  which  are  to  be  washed  and  dried.  This 
acid  assumes  the  form  of  phimose  crystals^  soluble  in  about  100 
parts  of  water  at  60^,  and  in  rather  more  than  one  part  of  alco- 
hol. Its  taste  is  acid,  and  somewhat  acrid,  and  it  has  an 
aromatic  odour.  Exposed  to  heat  it  sublimes  unaltered.  It 
combines  with  the  salifiable  bases,  constituting  a  class  of  salt9 
called  Camphorates, 

1891.  The  ultimate  analysis  of  camphor  has  been  performed  ADaiysu. 
by  Dr  Ure,  who  represents  its  constitution  as  follows : 

Carbon  ....  10  atoms  .  .  .  .  60  .  .  .  78,02 
Oxygen  ...  1  atom  ....  8  .  .  .  10,40 
Hydrogen    .  .     9  atoms  ....     9  .  .  .  11,58 

77  100 

1892.  When  a  current  of  muriatic  acid  gas  is  passed  through  Artificial 
oil  of  turpentine,*  it  deposits  a  concrete  substance,  which  has  «»"»p**°'- 
been   called    artificial  camphor^   and    the   weight   of  which 
amounts  to  about  one-half  of  the  oil  employed.     When  purified 

by  sublimation  with  a  little  quick-lime,  it  is  rendered  pure  and 
white.  It  is  lighter  than  water,  sublimes  without  decomposi- 
tion, burns  like  camphor,  and  in  smell  resembles  a  mixture  of 
camphor  and  turpentine.t  By  the  action  of  zinc  it  afibrds  chlo- 
ride of  zinc,  and  the  oil  is  evolved  little  altered. 

1893.  Camphor  dissolves  in  sulphuric  acid,  forming  a  brown 
solution,  from   which  it  is  at  first  precipitated,  unaltered,   by 

water.  Sulphurous  acid  is  afterwards  evolved,  the  solution  Action  of  sni- 
becomes  black  «nd  thick,  and,  after  some  days,  afibrds  a  broM'n  r*"'"'  '**^**^- 
coagututn  on  the  addition  of  water,  and  smells  fragrant  and 
peculiar.  On  distilling  the  diluted  liquor,  water  and  a  yellow 
oil  pass  over,  a  little  sulphurous  acid  is  then  disengaged,  and  a 
black  haatter  remains  in  the  retort,  which,  when  digested  in 
alcohol,  affords  a  portion  of  soluble  matter  having  some  of  the 
properties  of  artificial  tannin.f 


Section  XIII.      Resins. 

1894.  Resins  are  substances  which  exude  from  many  trees, 
either  from  natural  fissures  or  artificial  wounds.  Common  resin 
is  obtained  by  distilling  the  exudation  of  dififerent  species  of  fir; 
oil  of  turpentine  passes  over,  and  the  resin  remains  behind. 
It  may  be  taken  as  a  perfect  example  of  resin,  and  is  possessed 
of  the  following  properties  :  It  is  solid,  brittle,  a  little  heavier 
than  water,  and  acquires  negative  electricity  when  rubbed.     It 

*TbeiMiditof  optnlon  that  do  drcompotitioo  of  tke  oil  of  turpentiae  takri  place;  but  that  the 
muriatic  acid  unitrt  to  it  itittire.  Ordinary  caiopbor.  he  su|'(Oj>tfs  frona  aoalc^,  to  be  a  compoaod  of 
an  easential  oil  and  a  vegrtable  acid. 

I  Theoard,  JUtmoires  d\1reutd,  (Tom.  ii ) 

X  Hatcbalt,  PhiU  Tratu.  Ib05. 


Prorertict, 
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lias  scarcely  any  taste  or  smell ;  is  insoluble  in  waler  ;  readily 
soluble  in  alcohol,  which  takes  up  about  one-third  its  wei|;ht, 
and  becomes  milky  upon  Ihe  addition  of  water.  Resin  is  solu- 
ble in  the  caustic  alkalies,  the  solution  is  saponaceous,  andwheo 
mixed  with  an  acid,  the  resin  separates,  scarcely  altered  in  its 
properties.  Nitric,  muriatic,  and  acetic  acids  dissolve  it  with- 
out much  change.* 

1395.  A  few  of  the  resins  derive  odour  from  conlainlnj; 
essential  oil;  some  afibrd  benzoic  acid  when  healed,  and  ibese 
have  been  termed  balsams  ;  copal,  tnastich,  and  a  few  others, 
are  very  difficultly  soluble  in  alcohol,  and  contain  a  substance 
somewhat  analogous  to  caoutchouc.  Guatucum  is  characterized 
hy  the  singular  changes  of  colour,  which  its  alcoholic  solution 
suffers  when  exposed  to  the  action  of  nitric  acid.t 

Guaiacum  is  also  rendered  blue  by  the  gluten  of  wheat,  but 
its  colour  is  not  changed  by  starch  ;  the  intensity  of  the  blue 
colour  is  said  to  be  proportional  to  the  quantity  of  gluten  pre- 
sent in  flour. t 

1896.  There  is  a  remarkable  want  of  agreement  between 
diCTerent  statements  of  the  composition  of  the  same  kind  of 
resin,  arising,  probably,  from  actual  differences  of  the  substaoce 
Itself.     Dr  lire  states  the  following  as  the  results  of  bis  analy- 


Carbon  .  . 
Oxygen 

Hydrogen 


,  75,00  =  8  atoms  . 
.  13,50  =  1  do.  . 
,  12,50    =    8    do.      . 


100 


64      H.  2.  236. 


1S97.  Lac  is  a  substance  formed  by  an  insect,  and  deposited 
on  different  species  of  trees  chiefly  in  the  East  Indies.  The 
various  kinds  of  lac  distinguished  in  commerce,  arc  slick  toe, 
which  is  the  substance  in  its  natural  stale,  investing  the  small 
twigs  of  the  tree:  seed-lac,  which  is  the  same  broken  off;  and 
which,  when  melted,  is  called  shell-lac.  Thfse  substances  have 
been  examined  hy  Mr  Hatchelt.  Their  component  parts  are 
exhibited  below.— PAiV,  Trans.  1S04.§ 

1898.  Dr  John  has  announced  the  presence  of  a  peculiar  acid 
in  slict-lac,  which  he  has  called  Laccic  victd.     The  lac  was 
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digested  in  water,  the  solution  evaporated,  and  the  residue 
digested  in  alcohol :  the  alcohoh'c  solution  was  evaporated  to 
dryness,  and  its  residue  digested  in  ether.  The  evaporation  of 
the  etheric  solution  leaves  a  yellow  matter,  which,  being  again 
dissolved  in  alcohol,  and  the  solution  mixed  with  water  deposits 
a  little  resin,  and  leaves  laccic  acid  in  solution,  which,  upon  the 
addition  of  acetate  of  lead,  gives  a  precipitate  of  laccaie  of 
lead;  the  latter  compound,  by  cautious  decomposition  by  sul- 
phuric acid,  affords  the  laccic  acid. 

1899.  Laccic  acid  is  crystal  11  zable,  of  a  yellow  colour,  a  sour  Propertiea. 
taste,  and  soluble  in  water,  alcohol,  and  ether.     With   potassa, 

soda,  and  lime,  it  forms  deliquescent  soluble  salts ;  with  lead 
and  mercury  it  produces  white  insoluble  compounds  ;  it  occa- 
sions no  precipitate  in  the  nitrates  of  baryta  and  silver.* 

1900.  Oum  Resins  are  natural  combinations  of  gum  and  GomReibs. 
resin,  they  are  consequently  only  partially  soluble  in  water  and 

in  alcohol ;  they  readily  dissolve  in  alkaline  solutions  when 
assisted  by  heat ;  and  the  acids  act  upon  them  nearly  as  upon 
the  resins,  ^mmoniacumy  gambogey  assa/oeiiday  and  oliba- 
nutUf  may  be  taken  as  examples  of  gum  resins. 

1901.  Jlmber  is  a  substance  which,  in  some  of  its  properties,  Aaber. 
resembles  resin  ;  it  is  however,  very  sparingly  soluble  in  alco- 
hol, and  difficultly  soluble  in  the  alkalies.     When  submitted  to 
distillation,  it  furnishes  an  acid  sublimate,  which  has  received 

the  name  of  succinic  acid, 

1902.  To  prepare  this  acid,  let  a  glass  retort  behalf  filled  succinic.cid. 
with  powdered  amber,  and  the  remainder  with  fine  dry  sand. 

Lute  a  receiver,  and  apply  a  gentle  heat.  A  portion  of  water 
first  comes  over,  which  is  succeeded  by  a  weak  acetic  acid. 
The  succinic  acid  then  sublimes ;  but  is  contaminated  by  a  mix- 
ture of  oil.  It  may  be  purified  by  solution  and  crystallization ; 
and  it  then  forms  transparent,  white,  shining  crystals,  having  the 
form  of  triangular  prisms.  They  are  soluble  in  24  times  their 
weight  of  water,  and  in  boiling  alcohol.  The  solution  reddens 
the  bhie  colour  of  turnsole,  but  not  that  of  violets,  and  has  an 
acid  taste,  H. — Ten  pounds  of  amber  yield  about  3  ounces  of 
purified  succinic  acid.t 

Berzelius  states  the  composition  of  succinic  acid  as  follows :    An«ijsif. 

Hydrogen  . .  .  4,512  =  2  atoms  ....  2 
Carbon  ....  47,600  =4  do.  ....  24 
Oxygen     .  .  .  47,888    =   3     do 24 

loot  50    H.2.238. 

1903.  Succinic  acid  combines  with  thealkalies,&c.  and  forms  caccitai*ies. 
succinates^  the  most  important  of  which  is  the  succinate  of 

•  TbomMa's  SytUnu  i>*  ItT. 

t  Used  in  Phannacj  aoder  the  nrnmcof  Oil  of  ^ini«r  and  nmountingia  weight  to  aboat  1*3  th« 
ambtr  laed. 

* 

X  Aao.  da  Chia.  94, 189. 
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ammonia.  This  salt  decomposes  all  the  solutions  of  iron ;  and 
affords  an  insoluble  precipitate,  composed  of  succinate  of  iron, 
ol  a  reddish  brown  colour.  It  has  been  proposed  as  a  means  of 
separating  iron  in  analysis,  but  is  quite  inapplicable  in  the 
greater  number  of  cases,  B. 

,:,...  1904.  The  resins  are  applied  to  a  variety  of  useful  purposes; 

and  dissolved  in  alcohol  and  oils  they  constitute  the  different 

varnishri.  vamtshes.  The  most  solid  resins  yield  the  most  durable  w* 
uishcs. 


Section  XIV.     Vegetable  Jllkalies. 

Grn.rai  1905.  The  forccs,  which  produco  iii' living  vegetables  many 

pr.p.  rtie9.     acids,  appcar  also  to  be  capable  of  giving  rise  to  a   variety  of 
alkaline  substances,  several  of  which  have  been  discovered  tnd 
identified   during  the  few  last  years.     So  far  as  is  yet  knoirn, 
the  processes,  by  which  they  are  obtained,  effect  nothing  more, 
than  their  separation  from  the  v^etables  in  which  they  exist 
ready  formed.     These  vegetables  are  for  the  most  part  distin- 
guished by  very  powerful  effects  on  the  animal  system,  proda* 
ced,  it  should  appear,  by  an  alkaline  ingredient  peculiar  to  each 
species  ;  and  it  is  probable  that  the  active  principles,  thos  de- 
tached,  may  hereafter  become  important  instruments  in  the 
hands  of  the  physician.     It  is  chiefly  from  their  habitudes  of 
cliemical  combination,  that  these  new  substances  are  classed 
among  alkalies,  which  they  resemble  in  the  power  of  neutnlii- 
\\\^  acids,  and  of  affording  with  them  compounds  analogous  to 
the  salts,  which  result  from  the  union  of  acids  with  the  alkaline 
substances  that  have  been  long  known.     They  have  all,  bovr- 
over,  weaker  affinities  for  acids,  than  belong  to  alkalies  of  the 
latter  class ;  and  are  destructible,   both  when  separate  and  in 
combination,  at  low  degrees  of  heat.     At  first  they  were  distin- 
^uislied  by  names  ending  in  ine,  as  morphine,  strychnine,  &(•; 
but,  for  the  sake  of  conformity   to  the  nomenclature  of  other 
alkalies,  their  names  have  since  received  a  different  termination. 
190G.  Besides  these  alkalies  of  feeble  energy,  it  has  been  dis- 
covered by  Dr  Peschier,  of  Geneva,  that  potassa,  which  hid 
been  lon;2;  extracted  from  the  ashes  of  plants,  eiists  ready  form- 
ed in  their  juices,  and  may  be  obtained  by  agitating  pure  mag- 
nesia with  the  liquor  obtained  by  pressure  or  decoction  of  any 
part  of  the  vegetable,  except  its  fruit.     In   most  plants,  the 
potassa    is    united    with  oxalic   or  tartaric  acid,    which    form 
insoluble  compounds  with  magnesia;  but  in  borage,   the  po- 
tassa is  combined  with  nitric  acid,  which  magnesia  has  not 
the  power  of  detaching  from  that  alkali."^     H.  2.  278. 
Opium.  1907.  Opiuniy  and  other  vegetable  products  possessed  of  nar- 

cotic power,  are  composed  of  several  of  the  vegetable  principles 

*  Ann  of  PkiloB.  xii.  336. 
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that  have  already  been  enumerated.  Besides  these,  howcrer, 
they  contain  a  peculiar  one,  in  which  the  narcotic  virtue  resides. 
Its  preparation  and  chemical  qualities  have  been  investigated  by 
Derosne,  whose  memoir  is  published  in  the  45th  volume  of  the 
Annales  de  Chimie. 

To  obtain  the  narcotic  principle  from  opium  by  the  process 
of  Derosne,  let  water  be  digested  upon  it,  and  the  strained  solu- 
tion be  evaporated  to  the  consistence  of  sirup.  A  gritty  pre- 
cipitate will  begin  to  appear,  which  is  considerably  increased 
by  diluting  the  liquid  with  water.  This  consists  of  three  dis- 
tinct substances,  resin ,  oxygenized  extract,  and  the  narcotic 
principle.  Boiling  alcohol  dissolves  the  resin  and  narcotic 
principle  only ;  and  the  latter  falls  down  in  crystals,  as  the 
solution  cools,  still, however,  coloured  with  resin.  The  crystals 
may  be  purified  by  repeated  solutions  and  crystallizations.    H. 

1908.  Morphia  may  be  obtained  from  powdered  opium  by  Morphia. 
triturating  it  into  a  paste  with  dilute  acetic  acid  :  pour  caustic 
ammonia  into  the  filtered  solution,  and  evaporate;  during  the 
evaporation  a  brownish  substance  separates,  which,  by  digestion 

in  a  small  quantity  of  cold  alcohol,  becomes  nearly  colourless, 
and  ia  pure  morphia.* 

1909.  Morphia  is  sparingly  soluble  in  water,  but  readily  sol-  Prop<-rtict. 
iible  in  alcohol  and  in  ether,  from  which  it  may  be  obtained  in 
quadrangular  and  octo^dral  crystals.     It  is  highly  poisonous 

and  narcotic,  even  when  administered  in  very  small  doses ;  it 
is  fusible  and  combustible.  It  appears  in  some  respects  to  pos« 
sess  the  properties  of  an  alkali ;  it  reddens  turmeric,  and  forms 
crystallizable  compounds  with  the  acids. 

1910.  Its  efiects  on  the  human  body  are  those  of  a  most  vio-  ^^^^^ 
lent  poison.     Three  half  grains,  taken  in  succession  with  inter- 
vals of  half  an  hour  by    the    same  person,  produced  violent 
vomitings  and  alarming  faintings.     H.t 

1911.  In  opium  morphia  is  said  to  be  combined  with  a 
peculiar  acid,  which  has  been  called  the  meconic  acidy  and  this 
combination  is  decomposed  by  the  action  of  ammonia  in  the 
preparation  of  morphia. 

The  following  process  is  said  to  afford  pure  meconic  acid :  uecooieacid. 
Boil  infusion  of  opium  with  magnesia,  and  digest  the  precipitate 
in  alcohol ;  meconiate  of  magnesia  remains :  dissolve  this  in 
dilute  sulphuric  acid,  and  add  muriate  of  baryta,  a  precipitate 
falls,  composed  of  sulphate  and  meconiate  of  baryta  ;  digest 
this  in  dilute  sulphuric  acid,  which  decomposes  the  meconiate  : 
filter  and  evaporate,  till  brown  crystals  of  impure  meconic  acid 
are  deposited  ;  dry  these  crystals,  and  then  heat  them  carefully 
in  a  retort,  to  sublime  the  meconic  acid.     White  crystals  are 

*  See  anotlMr  proceu  by  Dr  Tbonuon  in  ^»ii.  PkUoi.  xy.  470. 

\  Tincturai  of  opium,  it  is  obionred  bj  SortueriMr,  ihould  b«  prepared  witb  pure  alcobol.  and  kept 
in  m  place  wbicb  it  not  rtrj  cold ;  for  ■  low  temperature  precipitates  morpbia.  The  addition  of  a 
little  acotic  acid  preYcnti  this  iiieoaveiueiiee«    H. 
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thus  obtained,  which  fuse  at  250°,  and  subliine  ivithout  deeom* 
position  ;  ihey  are  sour,  and  very  soluble  in  water  and  alcobol. 
,f  1912.  Meconiale  of  Morphia  may  be  oblained  by  the  fol- 
lowing process.  Reduce  good  opium  to  powder,  put  it  upon  i 
paper  liller,  add  distilled  water  lo  it,  and  slightly  agitate  it;  in 
this  way  wash  it  till  the  water  passes  throuf;h  colourlesa;  ihcii 
pass  a  tittle  diluted  alcohol  through  it;  dry  the  insoluble  portloa 
in  a  dark  place  ;  di<rest  it  in  strong  alcohol  for  a  few  minuict, 
applying  heat;  separate  the  solulion,  which,  by  cooling  and  sub- 
sequent evaporation,  will  yield  the  crystallized  mecoaiate  oi  i 
pale  straw  colour.* 

1913  MM.  Pellelier  and  Caventou,  in  analyzing  the  A«an  of 
SI.  Ignatius  [Slrychnos  Jgnatia),  and  the  vomica  nut 
(S'lri/cftnos  nvx  vomica),  discovered  in  them  a  pet-niiar  princi- 
ple, which  they  have  termed  Strychnine,  and  which,  like  mor- 
phia, possesses  alkaline  properties.  The  roliowing  is  iheir 
process  for  obtaining  it :  Di^^ust  the  raspings  of  the  bean  in  sul- 
puric  ether,  which  separnles  a  green  oily  fluid;  pour  this  off, 
and  treat  the  residuum  with  alcohol ;  filter  the  latter  solutian 
when  cold,  and  evaporate;  it  leaves  a  brown  bitter  substance, 
soluble  in  water  and  alcohol ;  to  its  strong  aqueous  solution  add 
a  solution  of  potassa,  which  causes  a  precipitate,  which,  whea 
washed  with  a  little  cold  water,  is  white,  cr)'stalline  and  very 
bitter.  If  not  quite  pure,  it  may  be  rendered  so  by  solulion  in 
acetic  add,  and  precipitation  by  potassa. 

1914.  Strychnine,  or  Strychnia,  is  nearly  insoluble  in  water; 
it  dissolves  in  alcohol,  and  the  solutions  are  intensely  bitter  and 
poisonous.  It  reproduces  the  blue  of  vegetable  colours  reddened 
by  acids.  It  crystallizes  in  small  quadrangular  prisms  ;  it  has 
no  smell;  and  is  neither  fusible  nor  volatile,  but  is  decomposed 
at  about  600°  into  products  consisting  of  oxygen,  hydrogen, 
and  carbon. 

1915.  The  Sails  of  Strychnia  are  decomposed  by  potassi, 
soda,  ammonia,  baryta,  stronlia,  and  magnesia,  the  base  being 
thrown  down  ;  most  of  the  other  metallic  salts  are  decomposed 
by  strychnia,  and  with  some  it  forms,  triple  salts. 

1916.  Sulphate  of  Strychnia  forms  cubic  crystals,  soluble 
in  about  10  parts  of  water  at  60°;  its  taste  is  bitter,  and  it  is 
decomposed  by  the  alkalies.  It  consists  of  sulphuric  acid  9^ 
strychnia  90,5. 

1917.  Nitrate  of  Strychnia  is  formed  by  digesting  excessof 
strychnia  in  very  dilute  nitric  acid  ;  it  yields  stellated  crystals, 
which  acquire  a  red  colour  by  the  action  of  sulphuric  acid. 
Nitric  acid  poured  upon  strychnia  or  its  salts  produces  a  deep 
red  colour. 

1918.  The  discoverers  of  strychnia  assert  that  it  exists  in  the 
above-mentioned  seeds,  conjbined  with  a  peculrar  acid,  some- 
what resembling  Ihe  malic,  but  susceptible   of  cry  stall  isatJMj 
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they  have  called  it  I^asuric  Jicidy  and  the  poisonous  principle 
existing  in  the  seeds,  appears  to  be  an  igasuraie  of  strychnia, 

1919.  Brucia.  This  term  has  been    applied   to  a  peculiar  p^,^ 
alkaline  substance, obtained  from  An^stura  bark,  by  thcaboye- 
named  chemists.     Its  properties,  as  far  as  they  have  been  inves- 
tigated, are  described  in  the  %^nnales  dt  Chitnie  (xii.  p.  113.) 
and  in  the  Quarterly  Journal  of  Science  and  the  Arts  (ix. 

IM.) 

1920.  Delphia  is  an  alkaline  principle,  discovered  by  MM.  p^iphu. 
Lassaigne  and  Feneulle  in  the  seeds  of  stavesacre  {Delphinium 
Staphysagria).     They   obtained  it  by  the  following  process  : 

The  seeds,  deprived  of  their  husks,  were  boiled  in  distilled 
water,  the  decoction  filtered,  boiled  with  a  portion  of  pure  mag- 
nesia, and  re-filtered  \  the  residue  upon  the  filter  was  (hen 
boiled  with  highly  rectified  alcohol,  by  which  the  alkali  was 
separated  and  obtained  by  evaporation  in  the  form  of  a  white 
pulverulent  substance. 

Delphia,  when  pure,  appears  crystalline  in  its  moist  state; 
its  taste  is  bitter  and  acrid  ;  when  heated,  it  melts,  and  on  cool-  ^^^^^'**' 
ing  becomes  brittle  like  resin  ;  it  is  sparingly  solub.ls  in  Water, 
but  readily  soluble  in  alcohol  and  ether  ;  it  renders  the  blue  of 
violets  green,  and  forpis  very  soluble  salts  with  the  acids,  from 
which  the  alkalies  precipitate  delphia  in  a  white  gelatinoiis 
sUte.* 


Section  XV.  Bitumens^  coal,  ^c. 

1981.  Though  bitumens,  on  account  of  their  origin,  are,  with  BUumeoi. 
more  propriety,  classed  among  mineral  substances;  yet,  in 
chemical  properties,  they  are  more  closely  allied  to  the  pro- 
ducts of  the  vegetable  kingdom.  Like  vegetable  substances  in 
general,  they  burn  in  the  open  air,  and  with  a  degree  of  bright- 
ness that  surpasses  even  that  of  resins.  By  distillation  per  sc, 
they  yield  a  weak  acetic  acid,  an  empyreumatic  oil,  some 
ammonia,  and  a  considerable  quantity  of  carburetted  hydrogen 
gas,  with  occasionally  a  small  proportion  of  carbonic  acid  and 
sulphuretted  hydrogen.  They  are  neither  soluble  in  water  nor 
in  alcohol,  and  in  the  latter  respect  they  difier  from  resin. 
There  can  be  little  doubt  that  they  have  been  formed  originally 
by  the  decomposition  of  vegetables. 

1929.  The  bitumens  have  been  divided  into  liquid  and  solid. 
Formerly  it  was  supposed   that  the  liquid  bitumens  had  been  "<»^ ^i^"**"** 
derived,  by  a  sort  of  natural  distillation,  from  the  solid  ;  but 
Mr  Hatchett  has  rendered  it  more  probable,  that  the  solid  bitu- 
mens result  from  the  consolidation  of  the  fluid  ones. 

The   bituminous  substances  are  Naptha,  Petroleum,  Mtnefal 
Tar,   Mineral   Pitch,   Asphaltum,  Jet,   Pit-Coal,  Bitumintet 

*  Annnlei  de  Chinii«  et  Pkja.  sli.  3M. 

€3 


BITUMENS,    OOAL,   &C 

wood.  Turf,  and  Peat.     To  these,  some  writers  have   adJcd 
Amber  and  the  Honey-Stone. 

a.  Niiplkti  Is  a  pungent,  odoriferous,  oily  liquid,  either  col- 
oiirles»cir  of  a  pale  brown  tint,  found  upon  the  borders  of  ihe 
Caspian  Sea,  and  in  certain  sprinRs  in  Italy,  It  is  ronsiderobly 
lighter  than  water,  volatile,  and  highly  inflammable.  When 
pure  it  appears  to  contain  no  osygen,  and  hence  is  employed 
for  the  preservation  of  potassium,  and  the  other  highly  oxldabje 
metals.     It  consists,  according  to  Saussure,  of 

Carbon 87.21 

Hydrogen 12,79 


100, 


I 


This  would  indicate 

8  atoms  of  carbon  .  .  . 
5     •'      "  hydrogen  . 


41  100  H. 

b.  Peirc'eum  has  most  of  the  properties  of  naplhs,  but  ii 
less  fluid,  and  darker  coloured.  In  the  countries  where  it 
abounds,  it  Is  employed  for  burning  in  lamps. 

c.  Mineral  Tar  appears  lo  be  petroleum  further  inspissated. 
It  is  more  viscid,  and  of  a  deeper  colour. 

d.  Maltha,  or  Mineral  Pitch,  is  a  soft  inflammable  sub- 
stance, heavier  than  water,  and  may  be  considered  as  derived 
from  the  exsiccation  of  mineral  tar, 

e.  .Ssphallum  Is  found  abundantly  on  the  shores  of  the  Dead 
Sea,  in  Albania,  and  in  the  island  of  Trinidad.  Its  colour  it 
brown  or  blact;  it  Is  heavier  than   water,  and  readily    soluble 

f.  Elastic  Bitumen,  or  Mineral  Caoutchouc,  is  found  la 
the  vicinity  of  Castleton,  Eng.  and  at  Soulhhury  id  the  <tate 
of  Connecticut,*     It  Is  fusible  and  Inflammable. 

g.  A/inero/*?rf/pocere  is  a  fatty  malt er  found  in  the  argillaceous 
iron  ore  of  Merthyr  ;  it  Is  fusible  at  about  IfiO".  and  inodorous 
when  cold,  but  of  a  slight  bituminous  odour  when  heated,  or 
after  fusion, 

The  above  substances  are  insoluble  in  water,  and  difficultly 
soluble  in  alcohol,  with  Ihe  exception  of  naplhaand  petroleum, 
which  are  soluble  In  highly  rectified  alcohol. 

h-  Retinasphaltum  is  a   substance   which   accompanies  the 
-  Bovey    Coal    of  Devonshire.     It    was    first  analyzed    by   Mr. 
Hatchett,  who  found  It  to  consist  of 
55  Resin. 
41    Asphaltum. 
4   Earthy  matter  and  loss, 
i.  Pit  coal.  There  are  three  chemical  varieties  of  this  impor- 
tant eubstance.     The  first,  or  brown  coal,  retains  some  remains 
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of  the  vegetables  from  which  it  has  originated.  When  heated 
it  exhales  a  bituminous  odour,  and  burns  with  a  clear  flame.  It 
is  generally  of  a  tough  consistency  and  yields  according  to  Mr. 
Hatchett,  a  portion  of  unaltered  vegetable  extract,  and  resin. 

The  second  variety,  or  black  coaly  is  the  ordinary  fuel  of 
;Preat  Britain.  It  exhibits  no  traces  of  vegetable  origin,  and 
consists  principally  of  bitumen  and  charcoal,  in  variable  propor* 
tions.  When  exposed  to  heat,  it  swells,  softens,  and  burns 
with  a  bright  flame,  leavin'g  a  small  quantity  of  ashes.  Many 
varieties,  however,  abound  in  earthy  matter,  and  these  produce 
copious  cinders,  and  burn  with  a  less  intense  heat. 

The  products  of  the  destructive  distillation  of  this  kind  of 
coal  have  been  already  described  (693).  The  residue  is  a  hard 
sonorous  charcoal,  termed  coke,  and  containing  the  earthy 
ingredients  of  the  coal. 

The  third  variety,  ^/anee  coal  or  anthrcbcite^  consists  almost 
entirely  of  charcoal,  and  earthy  matter. 

It  usually  burns  with  little  flame*  and  when  submitted  to  dis- 
tillation yields  no  tar,  and  a  sort  of  carburetted  hydrogen  gas. 

Ap.  Peat  9JiA  7a;;/*consistprincipa]ly  of  the  remains  of  vege- p^^^ 
tables,  having  undergone  comparatively  little  change.     They 
often  contain  bituminous  wood,  and  branches  and  trunks  of 
trees. 

/.  McllitCy  or  HoneysionCj  is  a  rare  substance,  found  in  the 
brown  coal  of  Thuringia  and  in  Switzerland.  It  is  of  a  honey 
yellow  colour,  crystallized  in  octoedra,  and  when  analyzed  by 
Klaproth,  was  found  to  consist  of  alumina  combined  with  a 
peculiar  body  which  has  been  called  the  mellitic  acidA 


MalUte. 


Section  XVI.      Vegetable  ^cids. 

1923.  The  following  are  the  principal  acids,  which  are  found 
ready  formed  in  vegetable  products : 

1.  Pectic  acid.  5.  Malic  acid. 

2.  Tartaric  acid.  6.  Gallic  acid. 

3.  Oxalic  acid.  7.  Benzoic  acid» 

4.  Citric  acid. 

i.  Peotic  Acid. 

1924.  This  new  acid  has  been  discovered  by  M.  H.  Bracon-  p,cik  teu, 
not  and  receives  its  name  from  imr'^  coagulum,  in  consequence 

of  its  resembling  a  jelly  or  gum.  It  is  found  in  all  vegetables; 
is  sensibly  acid,  reddens  turnsole  paper,  and  is  scarcely  soluble 
in  cold  water,  but  more  so  in  hot  water.  It  is  coagulated  into 
a  transparent  and  colourless  jelly  by  alcohol,  by  all  the  metallic 

*  The  asthracite  of  thu  conatrj  burns  with  eonsitler^ble  fiftme,  n«  Jinur.  Jvur.  t.  SM. 
t  KUporth*s  EcMiy*,  ii.  89.    VaoqaeKn.    AnnmU$  it  Chim:e,  xxxu.  2(K). 
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BolulioDS,  by  lime-waler,  water  of  baryta,  llie  acids,  rain 
and  sulphate  of  soda,  nitre,  &c. 

i.  1935.  It  is  easily  obtained  from  all  parts  of  plants.  If  n 
containing  starch  be  operated  upon,  such  as  those  of  cellery  and 
carrot,  they  are  to  be  reduced  to  pulp  by  rasping,  the  juire 
expressed,  the  residue  boiled  in  water,  slij^htly  acidified  with 
jnuriatic  acid,  then  washed,  and  afterwards  heated  willi  a  very 
dilute  solution  of  polassa  or  soda.  A  thick  mucilagioous  liquid 
results,  slightly  alkaline,  from  which  muriatic  acid  separate* 
tlie  pectic  acid  in  the  form  of  an  abundant  jelly,  which  should 
then  be  well  washed. 

1326,  It  forms  a  very  soluble  salt  with  polassa,  which  may 
be  obtained  in  the  state  of  a  transparent  jelly,  by  adding  we»k 
alcohol,  which  removes  the  excess  of  alkali  and  colouring  mat- 
ter if  there  be  any  present.  This  jelly  washed  on  a  cloth  with 
plcoholized  water,  pressed  and  dried,  is  a  neutral  compound, 
which  swells  and  dissolves  in  water,  and  leaves  upon  etaporv 
tion  a  transparent  mass,  resembling  gum  arable.  Its  taste  is 
insipid,  Placed  upon  a  plate  of  red  hot  iron  it  swells  exces- 
sively, leaving  a  deep  brown  residue  soluble  in  water  and  having 
the  character  of  ulmin  united  to  potassa.  Exposed  to  the  flame 
of  a  taper,  it  burns,  producing  delicrile  filamenls  which  project 
from  the  mass  like  vermicelli.  These  filaments  fuse  inlu 
globules  of  sub-carbonale  of  polassa. 

This  salt  has  the  remarkable  effect  of  communicating  to  Itrp 
masses  of  sugar  and  water  the  property  of  gelatinizing.  M. 
Braconnot  in  this  way  prepared  aromalised  jellies,  perfectly 
transparent  and  colourless  and  very  agreeable  Lo  the  taste  tna 
eye. 

I        1927.  This  acid  forms  with   ammonia   a  soluble  compouai 
having  similar  properties  lo  the  foregoing,* 


.  Tartaric  Acid. 


i 


193S.  This  acid  exists  in  several  vegetable  substances;  ilii 
1-  one  of  the  sour  principles  of  many  fruits,  and  is  said  to  be 
abundant  in  the  potato-apple.  Tartaric  acid  is  generally 
obtained  from  the  bi-tartrate  of  polassa,  {purified  creamy 
tartar.)  Mix  100  parts  of  this  salt  in  fine  powder  with  30  w 
powdered  chalk,  and  gradually  throw  the  mixture  into  10  times 
its  weight  of  boiling  water  :  when  Ihe  liquor  has  cooled,  pour 
the  whole  upon  a  linen  strainer,  and  wash  Ihe  white  powder 
which  remains  with  cold  water  :  this  is  &  tartrate  of  limi ; 
diffiisc  it  throuf^h  a  sufficient  quantity  of  water,  add  sulphuric 
acid  equal  in  weight  lo  ihe  cliallc  employed,  and  occasionally 
stir  the  mixture  during  24  hours;  then  filler,  and  carefully 
evaporate  the  liquor  to  about  one  fourth  its  original  bulk ;  filter 
again,  and  evaporate  with  much  care  nearly  lo  dryness;  re-dis- 


Prop«rtiefl; 


PjrotBrtaraul- 
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flolve  the  dry  mass  in  about  6  times  its  weight  of  water,  render 
it  clear  by  filtration,  evaporate  slowly  to  the  consistency  of 
sirup,  and  set  aside  to  crystallize.  By  two  or  three  successive 
solutions  and  crystallizations,  tartaric  acid  will  be  obtained  in 
colourless  crystals,  soluble  in  6  parts  of  water  at  60^.  Their 
primary  form  is  an  oblique  rhombic  prism.* 

1929.  The  crystals  melt  at  a  heat  a  little  exceeding  212^  into 
a  fluid  which  boils  at  250^  and  leaves  a  semi-transparent  mass 
on  cooling,  slightly  attractive  of  moisture  from  the  air,  though 
the  original  crystals  were  not  deliquescent.  They  were  found 
by  Berzelius  to  consist  of 

Real  acid 88,75  .....  100 

Water 11,25 12,7 

100,  H.  2.  211. 

The  aqueous  solution  of  tartaric,  in  common  with  the  other 
vegetable  acids^  soon  becomes  mouldy,  and  suffers  decomposi- 
tion. 

1930.  When  tartaric  acid  is  submitted  to  destructive  distilla- 
tion, it  affords  a  brown  acid  liquor  which  has  been  termed  ^^^ 
pyroiartarous  acid. 

1931.  According  to  Berzelius,  the  tartrate  ofleadj  which  is 
an  insoluble  salt,  and  easily  formed  by  adding  tartaric  acid  to  a 
solution  of  nitrate  of  lead,  consists  of 

Tartaric  acid 100 

Oxide  of  lead     167 

And  regarding  this  salt  as  composed  of  1  proportional  of  acid 
and  1  of  oxide,  we  obtain  the  number  67,0  as  the  represents- ' 
live  of  tartaric  acid,  for 

167  :  100  :  :  112  :  67,0 

1932.  Tartaric  acid  combines  with  the  metallic  oxides,  and  j.^^^,^ 
produces  a  class  of  salts  called  tartratesj  the  composition  of 
which  will  be  obvious  from  the  preceding  datum. . 

1939.   Tartrate  of  ammonia  forms  very  soluble  prismatic  q^, 
erystals,  of  a  cooling  taste.     The  addition  of  tartaric  acid  to  its 
aqueous  solution  produces  a  precipitate  of  a  difficultly   soluble 
bi'iarirate  of  ammonia. 

1934.  Tartrate  of  Potassa^  (formerly  soluble  tartar)  is  ofpoum. 
formed  by  saturating  the  excess  of  acid  in  tartar^  by  potassa. 
According  to  Mr.  Richard  Phillips  (Remarks  on  the  Pharma- 
copceiGy)  100  parts  of  tartar  require  43,5  of  carbonate  of  potassa. 
The  resulting  salt  is  soluble  in  less  than  twice  its  weight-  of 
water ;  it  crystallizes  in  four-sided  prisms,  and  consists  of 

1  proportional  acid =     67. 

1 potassa    .  .  .  .    =s    4S. 

Tartrate  of  potassa  •  .  «  .  .    =115; 

•  Brooke  in  Aim.  Philt.  r'u  X.  8. 
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This  salt  is  used  in  pharmacy  as  an  aperient;  it  ii  the potiu* 
9SS  tartras  of  the  PhartnacopiBia.  Its  taste  is  saline^  and 
somewhat  bitter. 
Biurtnteor  1935.  Bi-tartvate^  or  Supertartraie  qf  potassa.  Tartar. 
criid«unar.  'YYih  substance  exists  in  considerable  abundance  in  the  joiee  of 
the  grape«  and  is  deposited  in  wine  casks,  in  the  form  of  a  tjn^ 
tallized  incrustation ;  called,  argol  or  crude  tartar*  It  is 
purified  by  solution  and  crystallization,  which  renders  it  pe^ 
fectly  white:  when  in  fine  powder  it  is  termed  ereatn  qf  tat' 
tar. 

It  may  also  be  formed  by  adding  excess  of  tartaric  acid  to  t 
solution  of  potassa.  The  mixture  presently  deposits  crystal- 
line grains,  and  furnishes  a  striking  example  of  the  diminution 
Tartaric  tcid  of  solubiHty  by  increase  of  acid  in  the  salt*  Upon  this  circum- 
testfbrpota*.  s^QQQ  the  usc  of  tartaric  acid  as  a  test  for  potassa  depends, 
for  soda  forms  an  easily  soluble  supertartrate  and  consequently 
aflbrds  no  precipitate.  (898) 

Bi-tartrate  of  potassa  is  composed  of 

2  proportionals  of  acid  • as     134 

1  proportional    of  potassa    •  •  •  .     ss       48 

Bi-tartrate  of  potassa    .  .  •  •     s     182 

1936.  In  the  bi-tartrate,  is  also  found  a  quantity  of  water 
which  appears  essential  to  the  constitution  of  the  salt ;  for  it 
cannot  be  separated  by  heat,  without  decomposing  the  acid. 
Its  proportion  is  nearly  that  of  an  atom.*     H. 

Bi-tartrate  of  potassa,  it  is  observed  by  Gay-Lussac,t  acts,  io 
many  cases,  like  a  simple  acid,  and  even  dissolves  oxdies  that 
are  insoluble  in  the  mineral  acids  and  in  the  tartaric  acid.  He 
proposes  its  use,  therefore,  in  mineral  analysis.     H. 

1937.  When  exposed  to  heat,  tartar  fuses,  blackens,  and  is 
decomposed :  and  carbonate  of  potassa  is  the  remaining  result 
Provided  the  tartar  be  free  from  lime,  which  however  is  sel- 
dom the  case,  this  furnishes  a  good  process  for  obtaining  purs 
carbonate  of  potassa.  The  aqueous  solution  of  tartar  becomes 
mouldy  when  exposed  to  air,  and  the  tartaric  acid  being  entirely 
decomposed  leaves  a  weak  solution  of  carbonate  of  potassa. 

The  component  parts  of  tartar  render  it  an  excellent  flux  ia 
the  reduction  of  metallic  ores  upon  a  small  scale,  its  alkali  pro- 
moting their  fusion,  and  the  carbonaceous  matter  tending  to 
reduce  the  oxides. 
Tiinntte«f        1938.   Tartrate  of  Soda  forms  acicular  crystals  soluble  is 
***'*'  their  own  weight  of  water.     Tartaric  acid,  added  to  their  solo- 

*  The  destructlre  diitillation  of  lOOO  parte  of  bt-Urtnte  of  potana*  gavo  tbc  Ibllowipf  MariMbO 

cluai?«  of  gaieout  produrts,  of  acid,  and  charcoal. 

Pure  dry  sub-carboDbte  of  potatta        ......         SfiO 

Tartrate  of  liiue  6 

Silica  t       .         .  1,S 

Alumina *.....  CUS 

Iron  and  mangaiiese *        *        .        .  0^75 

Fooreroj  and  VaiaqneUa,  .^nm.  ^  Ckim.iL  9- 

t  Aon.  de  Cbia.  et  Phji.  Ht.  38h 


containi  wm- 
C6r. 


BMETIC   TARTAR.  50S 

lion,  forms  a  aupertartraie  of  sodOf  much  more  soluble  than 
the  corresponding  salt  of  potassa. 

1939.  Tartrate  qf  Potassa  and  Soda  is  prepared  by  satu — ofpot^^ 
rating  the  excess  of  acid  in  tartar,  with  carbonate  of  soda;  it  is  ^^"^^ 
the  tartras  potassae  tt  soda  of  the  Pharmacopeia  ;  it  forms 
irregular  prismatic  crystals.  It  has  long  been  used  in  pharma«« 
cy  under  the  name  of  Bochelle  Salt  and  Set  de  Seignette. 
According  to  Vauquelin's  analysis*  this  salt  consists  of  54  tar« 
trate  of  potassa  +  46  tartrate  of  soda /ler  cent, :  these  numbers 
agree  with 

2  proportions  of  acid  .  •  •  as  134 

1 potassa   .  =    48 

1  ■  soda .  .  .  =s     32 


214  ^ofiroBMA 

1940.  Tartrate  of  Iron  and  Potassa.    This  is  the  Ferrum  p***^ 
tartarisatttm  of  the  London  PharmacopoRta^  but  it  is  most 
conveniently  employed  as  a  medicine  in  solution,  which  may  be 
formed  by  digesting  1  part  of  soft  iron  filings  with  4  of  tartar  ; 

this  mixture  should  be  made  into  a  thin  paste  with  water,  and 
digested  for  some  weeks,  till  the  acid  is  neutralized,  fresh  por- 
tions of  water  being  occasionally  added  to  prevent  exsiccation. 
The  solution  of  this  compound  which  contains  the  iron  in  the 
state  of  peroxide,  is  possessed  of  some  curious  properties,  first 
pointed  out  by  Mr  R.  Phillips.t 

1941.  Tartrate  of  Potassa  and  Copper  is  formed  by  boiling 
oxide  of  copper  and  tartar  in  water :  the  solution  yields  blue 
crystals  on  evaporation  ;  or  if  boiled  to  dryness,  furnishes  one 

of  the  pigments  called  Brunswick  green.  —ofaBtia^. 

1942.  Tartrate  of  Jintimony  and  Potassa     Emetic  Tar-  jyM«»  !»»•#. 
tar.     This  compound  may  be  obtained  by  boiling  protoxide  of 
antimony,  obtained  by  any  of  the  processes  formerly  described 
(1272)  with  pure  supertartrate  of  potassa.     It  is  the  antimo^ 

*  FoaKtoj*t  GbmuitfMiieM,  th.  340. 

f  ExpcriaMntal  ExuninatioD  of  th«  London  Pharmacopceia,  W.% 

%  Tartrmi*  ^flAm*  is  nearij  inaolable  in  cold  water,  but  aoloblo  in  600  parti  of  boiling  water ;  it  ia 
prodoned  by  adding  ehalit  to  tartar,  at  in  the  proeets  for  obtaininf  tartaric  acid,  wher^  it  it  decom« 
poatd  by  adpharie  acid.  TmrtrmU  ^f  Pataum  mmd  lAnu  may  be  formed  by  adding  lime-water  tn 
Mivlioa  of  npertertrate  of  potaata,  till  it  begiot  to  become  turbid  :  in  a  few  dayt  acicolar  cryttalt  of 
tha  nboYO  triple  aalt  are  dopotited,  which  ofBoreteo  when  oxpoted  to  air.^-7brtr«<t  ^  Strontim  it 
throfWf  down  o  i  mixing  the  tolntiont  of  tnrtrata  of  potasta  and  nitrate  of  ttrontia.  It  dittoiret  in  rather 
mora  than  900  parts  of  boilii^  water,  and  forms  small  crystals  as  the  solution  cools.— >7Wr<raf«  ^Mag" 
iMtui  is  prwipitated  from  the  solphata  by  tartaric  acid :  it  it  soluble  in  excess  of  tartaric  acid,  and 
form  a  ciyttallisablo  salt.— 7\tr(ra<c  ^fMamg»nf%  formed  by  diMolving  protoiide  of  maogaootehi 
tartorie  acid,  is  a  s(diri>le  salt,  and  therefore  not  produced  by  uddiog  tartaric  acid  or  a  neutral  tartrate  to 
pntMsoriata  or  proloealphate  of  manganese.— TVirtmfe  o/'/rom.— Both  the  tartrates  of  iron  are  easily 
nohsble,  and  no  prooipitata  it  formed  by  tartaric  acid,  or  by  tartrate  of  potataa,  in  tolntiont  of  iron.— 
7Wr<ra#«  ^Ziwc  b  formod  by  adding  tartrate  of  potataa  to  tnlphate  of  sine,  and  appears  to  be  a  Teiy 
diftcaltly  soluble  compound.— Tarlraie  ^7\». — Tartrate  of  potasta  occasions  a  white  preci}-itate  in 
the  protomoriate  and  permoriala  of  tin.— Tarfrafc  i^PotoMta  and  Tin  it  formed  by  boiling  tho  oxide  ia 
solution  of  tartar;  it  it  very  loloble,  and  the  additioa  of  alkaliet  and  their  cariMmates  oeeatinn  no  pro- 
eipitates.  Thenard.  AntkaUt  d§  Ckim.  xxxriii.— rarfrofc  ofLtad  it  thrown  down  in  the  form  of  no 
insoloblo  whito  powder  on  adding  tart&ric  acid  to  solution  of  nitrate  of  iead.^TWtroltff  FeCwso  tokd 
Ztfd  M  formed,  according  to  Thenard,  by  boiling  a  mixtnre  of  tartar  aad  owdo  of  IhA  \m 
AnnmU»  d§  Ckim.  xizTii. 
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mum  iartarisatum   of  the  London  and   U.  S.  Phartaaco- 
paiw. 

Emelic  tartar  may  be  prepared  by  boiling  a  solulion  of  tOO 
IT,,  parts  of  tartur  with  100  parU  of  finely  levigated  glass  of  anti- 
mony, or  of  the  protoxide  described  above  (1272);  the  ebulli- 
tion should  be  conlinucd  for  half  an  hour,  and  the  filtered  liquor 
evaporated  to  about  half  its  bulk,  and  set  aside  to  crystallize  : 
ocloi>dral  and  telraedral  crystals  of  the  emetic  sail  are  thus 
obtained  ;  and  there  is  generally  formed  along  with  them  a  por- 
tion of  larlrate  uf  lime  and  potassa,  nhich  is  deposited  in  small 
tiifls  of  a  radiated  texture,  and  which  may  easily  be  separated 
when  the  mass  is  dried. 

Mr  Phillijis,  in  h\s  Ecrperimtntal  Examination  of  the  Lon' 
don  Phitrmncopceia,  has  slated  several  facts  respecting  the 
formation  of  this  salt,  which  will  be  found  useful  to  the  manu- 
facturer." 

Emetic  tartar  is  a  while  salt,  slightly  efflorescent,  soluble  ia 
about  14  parts  of  cold  anil  2  parts  of  bailing  water.  It  is  de* 
composed  by  ihe  alkalies,  and  when  heated  with  ammooil,  ■ 
portion  of  protoxide  of  antimony  is  thrown  down,  and  a  verf 
soluble  compound  remains  in  the  liquor.  Sulphuretted  hydm- 
gen  and  hydrosulphurct  of  ammonia  produce  orange-colonrad 
precipiiates  in  its  solulion.  It  is  decomposed  by  bitter  and 
astringent  vegetable  infusions,  bnt  they  do  not  render  it  inicUve 
as  a  medicine.  In  a  laie  analysis  Mr  Phillips  has  shown  thtt 
emetic  tartar  consists  of 

Bi-tartrale  of  polassa  (anhydrous) 49,25 

■  Protoxide  of  antimony 43,35 

Water 7,40 

100. 
snd  he  considers  it  as  composed  of  1  atom  of  bi-tartrats   of  po-    i 
<tassa,  3  atoms  of  protoxide  of  antimony,  and  3  atoms  of  waler.t 

iii.     Oxalic  Acid. 

1948.  This  acid  is  found  in  some  fruits,  and  in  considerable 
<|uantiiy  in  the  juice  of  the  Oxalis  ^cetosella,  or  wood-sorrel, 
and  in  the  varieties  of  rhubarb.^  It  is  most  readily  procured 
by  the  action  of  nitric  acid  upon  sugar,  and  has  hence  been 
lermed  acid  of  sugar. 
"-  It  may  be  obtained  by  introducing  into  a  retort  4  nunces  of 
nitric  acid  diluted  with  2  of  waler  and  1  ounce  of  white  sugar; 
nitric  oxide  gas  is  copiously  evolved,  and  when  the  sugar  hu 
dissolved,  about  one-third  of  the  acid  may  be  distilled  ov«r  :  the 
contents  of  the  retort  are  then  emptied  into  a  shallow  veSBri) 

t  M.f.  I.v.  ST»— For  «a<tr  urutlei.  tct  Htnr,'.  VtmiMfy.  \..  Sis. 
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and  in  the  course  of  two  or  three  days  an  abundant  erop  of 
white  crystals  is  deposited,  and,  upon  further  evaporation  of 
the  n^other-liquor,  a  second  portion  is  obtained.  The  whole 
crystalline  produce  is  to  be  re-dissolved  in  water,  and  again 
crystallized,  by  which  the  pure  acid  is  obtained.  In  this  way 
sugar  yields  rather  more  than  half  its  weight  of  oxalic  acid. 

M.  Braconnot  obtained  oxalic  acid  by  the  following  process 
from  lichens.  The  lichen  reduced  to  powder  was  boiled  with 
carbonate  of  soda,  the  filtered  liquor,  was  saturated  with  nitric 
acid,  and  acetate  of  lead  was  added,  the  precipitate  was  de- 
composed by  sulphuric  acid;  and,  a  nearly  colourless  solu- 
tion was  obtained  from  which  crystals  of  oxalic  acid  separated. 
Another  portion  was  afterwards  separated  from  the  residue  left 
by  the  carbonate  of  soda. 

1944.  The  same  chemist  has  employed  the  following  process ;  AnoUierpivv 
100  parts  of  the  pulverized  lichen  were  boiled  with  33  parts  of  ^*"' 
sulphuric  acid  and  a  sufficient  quantity  of  water,  for  half  an 

hour,  filtered  to  separate  the  sulphate  of  lime,  and  the  liquid  was 
carefully  evaporated  avoiding  the  reaction  of  the  excess  of  sul- 
phuric acid  on  the  oxalic  acid.  When  cold  it  became  crystal- 
line, and  by  pressure  in  bibulous  paper  17  parts  of  yellowish 
white  oxalic  acid  were  obtained,  some  still  remaining  dissolved.* 

1945.  Oxalic  acid  has  the  form  of  an  obKque  rhombic  prism.  charact«3v; 
The  crystals  are  transparent,  and  of  a  very  acid  taste :  they  dis- 
solve in  two  parts  of  water  at  60°,  and  in  their  own  weight  at 
212°.     They  are  soluble,  also,  in  boiling  alcohol,  and  sparingly 

in  ether.  The  crystals  effloresce  in  the  air ;  and  a  red  heat 
decomposes  them.  During  distillation,  a  considerable  quantity 
of  inflammable  gas  is  obtained,  and  a  portion  of  the  acid  is  sub- 
limed, unaltered,  into  the  neck  of  the  retort. 

1946.  Oxalic  acid  is  decomposed  both  by  the  oxides  and  chlo-  p^cp^-o^j 
ride  of  gold,  and  in  the  former  case  with  a  disengagement  of  b;  gold. 
carbonic  acid.t 

1947.  The  crystals  of  oxalic  acid  are,  according  to  Dr  Thom-  „ 
8on|  composed  of  1  atom  acid  and  4  atems  of  water. — From  the 
results  of  its  analysis,  considered  in  connection  with  the  propor- 
tions  in  which  it  combines   with  bases,  it  appears  extremely 
probable  that  oxalic  acid  consists  of 

Atoms. 

Carbon  «  .  •  2 12  ...  .  33,34 

Oxygen    .  .  3 24  ...  .  66,66 

36  100.         H.  2.  189. 

1948.  This  acid  is  a  most   virulent  poison  and  from  the  Howdh>;... 
resemblance  which  the  crystals  bear  to  those  of  Epsom  salt,  i^som  ^SZ 
many  fatal  mistakes  have  arisen.     The  acid  taste  is  in  itself  a 
sufficient  mark  of  distinction ;  or  without  tasting  it,  if  a  few 

drops  of  water  be  placed  on  a  slip  of  the  dark  blue  paper  which 

•  Ann.  de  Cbim.  xxrul.  919.  t  Ma^  4«  Chip,  ot  Pbrf.  xr.  1S». 
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is  commonly  wrapped  round  sugar  loaves,  and  a  small  quantity 
of  the  suspected  crystal  be  added,  if  it  be  oxalic  acid  it  will 
change  the  colour  of  the  paper  to  a  reddish  brown.  The  solu- 
tion also  of  a  pniall  quantity  of  this  alcid  in  a  tea-spoouful  of 
water,  will  effervesce  with  a  Utile  scraped  chalk  or  whiling, 
n. — When  the  acid  has  been  swallowed  copious  draughts  of 
lime  water,  or  m.ignesia  and  water  should  be  administered,  and 
vomiting  excited  as  speedily  as  pgssible. 

1949.  Oxalic  acid  is  a  i^ood  test  for  detecting  lime,  which  it 
separates  from  all  other  acids,  unless  they  are  present  in  excess, 

1950.  Oxalate  of  Ammonia  is  a  very  useful  test  of  the 
presence  of  lime.  It  crystallizes  in  long  prisms,  of  which  45 
parts  require  1000  of  water.  Added  to  any  soluble  compound 
of  lime  this  salt  produces  an  insoluble  oxalate  of  time. 

1951.  Oxalate  of  Potassa  forms  flat  oblique  four-sided 
prisms,  terminated  by  dihedral  summits,  the  lateral  edges  of  the 
prism  being  usually  bevelled.  Us  taste  is  cooling  and  bitter. 
At  60°  F.  it  requires  about  twice  its  weight  of  water  for  solu- 
tion. There  is  also  a  salt,  formed  of  the  s:ime  base  and  acid,  hut 
with  a  considerable  excess  of  acid,  caWeA  super-oxaiate  or  bin- 
oxalate  of  potassa.  It  forms  small  while  parallelopipeds  or 
rhomboids  approaching  to  cubes.  It  has  a  pungent  acid  Issle 
mixed  with  some  bitterness.  It  requires  for  solution  lee  times 
its  weight  of  water  at  G0°,  and  a  still  larger  proportion  of  bail- 
ing water.  It  may  cither  be  formbd  artificially,  or  obtained 
from  the  juice  of  the  oxalis  acetosella,  or  of  the  rumex  acetoio. 
When  procured  in  the  latter  mode,  it  is  sold  under  the  name  of 

""  sail  of  sorrel,  or  essenlial  salt  of  lemons.  The  acid,  which 
it  contains  is  double  that  in  the  oxalate;  or  if  we  suppose  100 
parts  of  potassa,  and  denote  the  quantity  necessary  to  convert  it 
into  oxalate  by  x,  then  2  x  will  convert  it  into  bin-oxalate. 

According  to  Berzclius,  100  parts  of  poUssa  are  united,  in 
the  oxalate,  wiih  7G,5S  parts  of  real  oxalic  acid,  and  in  th« 
binoxalatc,  of  course,  with  153,16.  Exclusively  of  water,  which 
in  the  crystals  of  the  oxalate,  amounts  to  17,31  per  eeat.  Uiejr 
arc  composed  as  follows: 

AciJ  B>». 

Oxalate  of  potassa  .  .  43,37  ....  56,63 
Binoxalate  of  ditto  .  .  C0,47  ....  39,53 
„  1953.  Quadroxalate  of  Potassa  may  be  composed  by  seve- 
ral methods.*  It  was  formed  by  Dr  Wollaslon,  by  digesting 
the  bin-oxalate  in  nitric  or  muriatic  acid.  The  alkali  is  divided 
into  two  parts,  one  of  which  unites  with  the  mineral  acid,  and 
the  other  half  remains  in  combination  with  the  oxalic  acid.  It 
forms  beautiful  crystals,  which  may  be  obtained  pure  by  sotu* 
tion  and  a  second  crystallization. 

If  three  parts  by  weight  of  the  quadroxalate  be  decomposed 
by  burning,  and  the  alkali,  which  is  thus  disengaged,  be  mixed 
with  a  solution  of  one  part  of  the  crystallized  salt,  the  latter  is 


48  - 

Eqaivalent 
Acid.            Number. 
-       36    =       84          CompoiitioB 

48  - 

-     72  =  120 

48  - 

-  144  =  192 
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exactly  neairalized.  Hence  the  quadroxalate  contains  four  times 
the  acid  that  exists  in  the  oxalate.  The  analysis  of  this  class  of 
salts,  from  which  Dr  WoIIaston  (in  the  Phil.  Trans,  for  1808) 
drew  a  strikioe  exemplification  of  the  law  of  simple  multiples 
discovered  by  Mr  Dalton,  may  be  recapitulated  as  follows  : 

Atom  Atoms 
of  bate.        of  acid. 

The  oxalate  consists  of  1  +  1  .  . 
The  binoxalate  «...  1  +  ^  •  • 
The  quadroxalate  ...  1     -f    4  •  . 

Estimating,  therefore,  from  the  weights  of  their  atoms,  100 
of  potassa  should  be  united,  in  the  oxalate,  with  75  of  acid  ;  in 
the  binoxalate,  with  150;  and  in  the  quadroxalate,  with  300. 
H.  2.  189. 

1953.  Oxalate  of  Lime.     This  compound  is  formed  by  add-  [Jj*^*****^ 
ing  oxalic  acid  or  oxalate  of  ammonia  to  any  solution  of  lime. 

It  is  insoluble  in  water,  and  in  excess  of  oxalic  acid,  but  dis- 
solves in  muriatic  and  nitric  acids  :  hence  in  testing  acid  solu- 
tions for  lime  by  oxalic  acid,  or  oxalate  of  ammonia,  the  excess 
of  acid  should  be  previously  neutralized.  This  oxalate,  dried  in 
the  temperature  of  95^  Dr  Thomson  finds  is  composed  of  1  atom 
oxalic  actdy  1  lime,  and  3  atoms  of  water. — The  anhydrous  salt 
consists  of 

Lime  •  .  .  .  1  atom  ...  28 43,75  Compo.iUo.. 

Oxalic  acid'    1 36 56,25 

64  100*       H. 

1954.  The  Oxalates  of  Strofitia^  Baryta^  and  Magnesia^ 

are  very  nearly  insoluble,  and  with  most  other  metallic  oxalates  or  stronti», 
may  be  formed  by  double  decomposition.     They  consist  re-  ^^ 
spectively  of  one  proportional  of  each  of  their  components. 

1955.  When  black  oxide  of  manganese  and  superoxalate  of 
potassa  are  triturated  together  and  moistened,  carbonic  acid  is 
evolved  ;  and  on  adding  more  water,  and  filtering,  a  red  solu- 
tion, containing  oxalic  acid,  potassa,  and  deutoxide  of  manga- 
nese is  obtained,  which  after  a  time  becomes  colourless,  and  a 
triple  salt  is  formed,  containing  the  protoxide  of  manganese. 

1956.  Oxalate  of  Iron.  The  protoxalate  crystallizes  in 
green  prisms,  and  may  be  formed  either  by  digesting  the  metal, 
or  dissolving  the  protoxide  in  the  acid.  The  peroxalate  is 
thrown  down  from  the  permuriate  or  persulphate  of  iron,  in  the 
form  of  a  difficultly  soluble  yellow  powder,  which  is  taken  up 
again  by.exeess  of  oxalic  s^cid :  hence  the  use  of  this  acid  in 
removing  iron-moulds  which  it  does  without  injuring  the  tex- 
ture of  linen. 

1957.  Oxalate  of  Copper  and  n^mmonia.     This  and  sev-  or  corper 
eral  other  triple  oxalates  of  copper  have   been  described  by  and  ammonia. 
Vogel.t    By   digesting  peroxalate  of  copper  in  a  solution  of 

*0*MaiU  ffBoia  U  tpariaglj  soluble  in  W£ter»  and  <i<*parat>*s  from  tUsoIatioo  in  Mnall  cryiUUiae 
>f  raint. 

t  Scbwoiffar*!  Jaumaf,  vii. 


oxalate  of  amraonia  anil  filtering,  rliomboidal  crystals  were  ob- 
tained on  evaporation,  whitli  detonate  when  su[l<lenly  heated: 
when  slowly  heated  they  merely  lose  water  and  ammonia. 
From  the  analysis  of  this  salt  il  evidently  consists  of  2  propor- 
tionals of  oxalate  of  ammonia,  1  peroialate  of  copper,  and  6 
water. 

By  digesting  oxalate  of  copper  in  caustic  ammonia,  and  pour- 
ing the  solution  thus  olitained  into  a  shallow  basin,  it  dcposiu 
flat  six-sided  prisms  of  a  blue  colour,  which  effloresce  on  exjjo- 
sure  to  air.  The  undissolved  portion  of  the  oxalate  also  com- 
bines with  ammonia,  and  produces  anotliei  distinct  compound.* 

iv.     Citric  Acid. 

195S.  Citric  acid  is  obtained  hy  the  following  process  from 
lemoB  or  lime  juice: 
^  Boil  Ihe  expressed  juice  for  a  few  minutes,  and  when  cold, 
strain  it  through  line  linen  ;  then  add  powdered  chalk  as  long 
as  it  produces  effervescence,  heat  the  mixture,  and  slraia  it  m 
before:  a  quaniiiy  of  citrate  of  lime  remains  upon  the  strainer, 
which,  having  been  washed  with  cold  water,  is  to  be  put  into  a 
mixture  of  sulphuric  acid  with  20  parts  of  water:  the  propor- 
tion of  acid  may  be  about  equal  to  that  of  the  chalk  employed. 
In  the  course  of  34  hours  the  citrate  of  lime  will  have  suffered 
decomposition,  and  sulphate  of  lime  is  formed,  which  is  sepa- 
rated by  filtration.  The  filtered  liquor,  by  careful  evaporalioa, 
as  directed  for  tartaric  acid,  furnishes  crystallized  citric  acid. 

The  preparation  of  this  acid  is  carried  on  by  a  few  manubc- 
turers  upon  an  extensive  scale;  indifferent  states  of  purity  it  ia 
employed  by  the  calico-printers,  and  used  for  domestic  con- 
sumption. Many  circumstances  which  have  not  here  been 
alluded  to,  are  requisite  to  ensure  complete  siiccoss  in  the  ope- 
ration; these  have  been  fully  described  by  Mr  Parkes,  in  the 
third  volume  of  his  Chemical  Essays.  The  proportion  of 
citric  acid  afforded  by  a  gallon  of  good  lemon-juice,  is  about  8 
ounces. 

•OMJa«o/Zi«!iifonB«aby^aiD!-oii^ic  Mid  u>>»hibl>ullur  line,  iirt  >  oUxpMiB. 
*iu1]'  inulubJc.— Oiallli  nf  Tin  iifamci).  Dcrunlinc  Is  Hif^ih,  bj  iigcttuif  die  IKUl  iaJtt 
■cid  :  Uis  »l«kn,  •lowlj  ■•■poratid.  pTK  priunilis  or)<(Ul< — OmUli  rf  Oapprr  OaXifat 
^idiicauddiuolnt  coppflr.  WIi«b oiftlic B^iid  I*  Kddrd  10  pcniitftiiile  or  pcrnimt* «f  «apfw^ « 
dUK«ilt1]>  hIdMi  fiinHi:iUi  af  cofptr  it  \tmma  dovn — OiaiaU  rif  Capprr  imi  Fatatm  m  •kaftal 
hj  ji(Fillii(  |arurli<iDi.iii  of  copper  in  mJulioner  tiiiiaiiUU:  d(  poluD.  Aciculu  -  nl  itiiiiiiliilir 
Wl^nUbinrDrmBii.  w)ii<^hVagcl»n>ABnu1iH)ditl>Dolialu— OmJaifff  iAUtTiUiMvaiovalD 
■rritaljiiHEniiui>ilirliliceoiaKiiaiui)unilntaDf1«^.— OnlBUg/AifnilU  ll  icfoi.lri  ,b  ctji- 
lalliO'.'  gnini.  vhm  hIuI^oii  DfoHliii  acid  •■  dmiipiil  into  ciliila  of  bitmulh — Oi<tla»  •/ CM*il  •• 
__   ._...^.___. . -._.._._,.. .■__...-.._      .  -,„„,tf  aJ,t\,„OmU:t^Jir.,Mu 
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1959.  Citric  acid  forms  crystals  of  a  very  sour  taste,  soluble  cbMcten. 
in  their  own  weight  of  water  at  60^*  and  containing,  according 
to  BerzeliuSy  79  (1  atom)  real  acid  +  21  (2  atoms)  water,  a  por- 
tion of  which  it  loses  by  exposure  to  heat.  The  analysis  of 
this,  as  well  as  of  the  other  vegetable  acids  given  by  Berzelius, 
diiSers  considerably  from  that  of  Gay-Lussac  and  Thenard,  in 
4:onsequence,  as  it  would  appear,  of  the  latter  chemist  having 
neglected  the  exclusion  of  water  of  crystallization.  Berzelius 
gives  its  constituents  as  follow : 

Oxygen 54,831  compoiiUo*. 

Hydrogen 3,800 

Carbon 41,369 


100,000 

1960.  From  the  analysis  of  citrate  of  lead,  the  representative 
number  of  citric  acid  appears  to  be  a  number  which  closely  cor- 
responds with  Berzelius's  estimate  of  its  constitution,  which  is 

4  Proportionals  of  oxygen    ..  8  x  4  =  32  ...  55,17 

2  hydrogen    .1x2=     2  .  .  .     3,45 

4  — — carbon  .  .      6  x  4  =  24  .  .  .  41,38 


Citntc«: 


Of  Soda. 


58  100. 

The  number  58,  therefore,  may  be  adopted. 

1961.  Citrate  of  Potassa  is  very  soluble,  deliquescent,  and 
difficultly  crystallizable.  It  is  much  used  in  medicine  as  a  mild 
diaphoretic,  and  is  the  Salt  of  Riveriua  of  old  pharmacy. 

1962.  Citrate  of  Soda  is  difficultly  crystallizable  in  hexae- 
dral  tables,  of  a  saline  flavour,  and  soluble  in  somewhat  less 
than  two  parts  of  cold  water. 

1963.  Citrate  of  Lime  has  been  adverted  to  in  the  prepara-  q^  Lim«. 
tion  of  citric  acid.     It  is  nearly   tasteless,  and  scarcely  soluble 

in  water,  but  readily  soluble  in  solution  of  citric  acid  :  when 
moistened  it  soon  grows  mouldy  if  exposed  to  air.  It  consists 
of  1  proportional  acid,  and  1  lime. 

The  remaining  citrates  are  of  little  importance. 

V.    Malic  Acid. 

1964.  The  existence  of  a  peculiar  acid  in  the  juice  of  apples, 

was  shown  by  Scheele,  in  1785.  He  obtained  it  by  adding  uine*!* 
solution  of  acetate  of  lead  to  the  expressed  juice  of  unripe  apples, 
by  which  a  malate  of  lead  was  formed,  and  afterwards  decom- 
posed by  sulphuric  acid.  Vauquelin  obtained  it  by  a  similar 
process  from  the  juice  of  the  house-leek.  The  same  acid  exists, 
according  to  Braconnot,  in  the  berries  of  the  mountain-ash^ 
from  which  it  was  first  obtained  by  Mr  Donovan  in  1815,  and 
called  by  him  sorbic  acid;  the  apparent  differences  between  the 
malic  and  sorbic  acids,  are  referable  to  the  impurities  of  the  for- 
mer,    Mr  Donovan  has  given  the  following  process  for  its-pre* 
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paralion,"  Express  thcjuiceofthe  ripe  berries,  and  add  solution 
of  acetate  of  lead,  filter,  and  wash  the  precipitate  with  cold 
water,  then  pour  boiling  water  upon  the  filter,  and  allow  itta 
jinss  through  the  precipitate  into  glass  jars;  after  some  houri 
crystals  are  deposited,  which  are  to  be  boiled  with  2,3  times  their 
weight  of  sulphuric  acid,  specific  gravity  1,0U0.  The  clear 
liquor  ia  to  be  poured  off,  and,  while  still  hot,  a  stream  of  mi)> 
phuretlcd  hydrogen  is  to  be  passed  through  it,  to  precipitate  the 
remaining  lead  ;  the  liquid  is  then  Altered,  and  when  boiled  as 
as  to  expel  the  sulphuretted  hydrogen,  is  a  solution  of  the  pure 
vegetable  acid. 

Malic  acid  may  also  be  obtained'by  steeping  sheet-lead  in  the 
juice  of  apples  ;  in  a  few  days,  crystals  of  malate  of  lead  forni, 
which  may  be  collected  and  decomposed  by  the  very  cveftil 
addition  of  dilute  sulphuric  acid. 

1965.  Malic  acid,  when  carefully  prepared,  is  a  Goloiulen 
liquid,  very  sour,  and  not  susceptible  of  crystallization.  It 
forms  crystallizable  salts  with  many  of  the  metallic  oxides, 
which,  hoivever,  have  scarcely  been  examined  with  such  pre- 
cision as  to  enable  us  to  determine  the  representative  number  of 
malic  acid.  A  detailed  account  of  what  is  known  respecting 
them  will  be  found  in  M.  Braconnot's  Memoir.t  His  analysis 
of  the  crystallized  malate  of  lead  gives  its  compositioo  thus; 

Acid 100, 

Oxide  of  lead 157,4 

1966.  Tht  sorbic  acid,  which  may  now  be  considered  H 
identical  with  the  malic,  was  analyzed  by  Vauquelin,  by  com- 
bustioQ  with  oxide  of  copper,  and  its  composition  is  stated  to  be 

Carbon 28,3 

Oxygen     54,9 

Hydrogen 16,8 

100, 
These  results  indicate 

3  atoms  of  carbon  ,  ,  .  18  .  .  .  .  30, 

4  ditto    of  oxygen     .  .  33  ,  .  .  .  53,33 
10  ditto    of  hydrogen    .   10  .  .  .  .  16,67 

60  100.  H.  3.  S08. 

vi.     Gallic  Acid. 

1967.  This  acid  derives  its  name  from  the  gall-nuf,  wheaoe 
it  was  first  procured  by  Scheele.  It  may  be  obtained  by  lbs 
following  process. 

Digest  bruised  galls  in  boiling  water,  with  about  one-sixtii 
their  weight  of  vellum  cuilinga,  for  some  hours ;  then  allow  tlte 
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mixture  to  cool,  and  filter  it*  Add  to  the  filtered  liquor  a  aolu- 
tion  of  acetate  of  lead,  as  long  as  it  occasions  any  precipitate ; 
pour  the  whole  upon  a  filter,  wash  the  precipitate  with  warm 
water,  and  difcest  it  in  very  dilute  sulphuric  acid ;  filter,  and 
having  saturated  the  clear  liquor  with  chalk,  evaporate  to  dry- 
ness. Introduce  the  dry  mass  into  a  retort  placed  in  a  sand* 
bath,  and  upon  the  application  of  heat  a  portion  of  water  will 
first  rise,  and  afterwards  a  crystalline  sublimate  of  gallic  acid. 

1968.  There  are  many  other  processes  for  obtsining  this  scid,  other 
among  which  the  following  deserve  notice:  Moisten  bruised  p*^***®'' 
gall-nuts,  and  expose  them  for  four  or  five  weeks,  to  a  tempera- 
ture of  about  80^.     A  mouldy  paste  is  formed,  which  is  to  be 
squeezed  dry,  and  digested  in  boiling  water ;  it  then  afibrds  a 
solution  of  gallic  acid,  which  may  be  whitened  by  animal  chsr- 

coal,  and  which,  on  evaporation,  yields  gallic  acid,  crystallized 
in  white  needles.* 

Boil  an  ounce  of  powdered  galls  in  16  ounces  of  water  down 
to  8,  and  strain;  dissolve  2  ounces  of  alum  in  water,  precipitate 
the  alumina  by  carbonate  of  potassa,  and,  after  edulcorating  it, 
stir  it  into  the  decoction ;  the  next  day  filter  the  mixture ;  wash 
the  precipitate  with  warm  water,  till  this  will  no  longer  blacken 
sulphate  of  iron  ;  mix  the  washing  with  the  filtered  liquor, 
evaporate,  and  the  gallic  acid  will  be  obtained  in  acicular  crys- 
tals.t 

1969.  Gallic  acid,  when,  pure,  is  in  whitish  crystals,  of  a  sour 
taste,  and  which  exhale  a  peculiar  smell  when  heated.     It  dis-  Propeftiet. 
solves  in  about  10  parts  of  water  at  60^,  and  in  2  parts  at  812^. 

It  is  also  soluble  in  alcohol  and  in  ether.  When  repeatedly 
sublimed,  this  acid  is  altered  and  in  part  decomposed.  It  con- 
sists, according  to  Berzeliusit  of 

Hydrogen •  •  •     5,00 

Carbon 56,64 

Oxygen 88,36 

100,00 
These  proportions  give  the  number  63,  as  the  representa- 
tive of  gallic  acid.§ 

1970.  The  combinations  of  pure  gallic  acid  with   metallic  oaiutcf. 
bases  have  scarcely  been  examined,  and  consequently  we  have 

no  accurate  chemical  history  of  the  gallaies.  Their  solutions 
are  all  very  prone  to  decomposition,  and  acquire  a  deep  brown 
colour.  This  acid  forms  no  precipitate  in  solutions  of  potassa 
or  of  soda,  but  when  dropped  into  lime-water,  baryta-water, 
orstrontia-water,  it  occasions  the  separation  of  a  difficultly  solu- 

•  BmeooBot,  AunmUt  JU  C&tn.  tt  Pkf$.  is.  Itt.  f  FWkr,  Ure*s  Dieii^nmty. 
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ble  g«1]atc  of  those  earths.     It  also  causes  a  precipUule  in  »la- 
tions  of  zirconia,  ^lucina,  and  yttria. 

1S71.  When  an  infusion  of  galls  is  arJded  (o  cerUin  meUllie 
Bolulions,  il  forms  precipitates  composed  of  tannin,  gallic  acid, 
and  the  metallic  oxide,  and  as  these  are  often  of  diSerent  col- 
ours, the  infusion  is  employed  as  a  test  for  such  melals.  For 
the  colours  of  the  precipitates,  see  Tables. 

1972.  Of  these  compounds,  the  tanno-^allnte  of  iron  is  of 
the  most  importance,  as  forming  the  basis  of  writing  ink,  and  of 
black  dyes. 

When  an  infusion  of  galls  is  dropped  into  a  solution  of  va\' 
phale  iif  iron,  it  produces  a  deep  purple  precipitate,  which  i<  » 
very  lon^  lime  iu  subsiding:  it  becomes  black  by  exposure  to 
air.  In  writing  ink,  this  precipitate  is  retained  in  suspension 
by  mucilage,  and  the  following  proportions  appear  the  best 
which  can  be  used. 

'I  I  Glim  arahic,  of  each  I  ounce 


nrl)'  bruited  faW 


Vinegar,  I  quart 


Put  these  ingredients  into  a  bottle,  and  agitate  them  occt- 
aionally  during  twelve  or  fourteen  days;  then  allow  the  coarser 
parts  to  settle,  and  pour  off  the  ink  for  use. 

The  tendency  of  ink  to  become  mouldy  is  much  diminished 
by  keeping  a  few  cloves  in  the  ink  buttle,  or  by  dissolving  In 
each  pint  of  tlie  ink  about  three  grains  of  corrosive  sublimate. 

The  colour  of  common  writing  ink  is  apt  to  fade,  in  conse- 
quence of  the  decomposition  of  its  vegetable  matter  ;  and  when 
thus  illegible,  it  may  often  be  restored  by  washing  the  writing 
with  vinegar,  and  subsequently  with  infusion  of  galls.  Acidj 
also  destroy  its  colouring  matter,  and  those  inks  which  resist 
their  action  contain  some  other  colourinj  principle,  usually 
finely  powdered  charcoal.  Common  writing  ink  is,  for  thil 
reason,  much  improved  by  dissolving  in  the  quantity  above- 
mentioned  about  an  ounce  of  Indian  Ink,w\iich  is  lamp-black 
made  into  a  cake  with  isins;lass.* 

In  dyeing  black  the  stuff  is  first  impregnated  with  a  solution 
of  the  gall-nut,  and  afterwards  the  colour  is  brought  out  by  the 
application  of  sulphate  or  acetate  of  iron,  (1855.Jt  ^^— 

vii.     Benzoic  Acid.  ^^H 

1973.  Benzoic  acid  may  be  obtained  by  sublimation  Seen 
benzoin,  which  is  a  resinous  exudation  from  the  Styrax  bemoe 
of  Sumatra ;  it  also  exists  iu  the  Balsam  of  Peru  and  of  TWu. 
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ir  these  substances  be  heated  in  a  crucible,  with  a  cone  of  paper  Howobuia. 
attached  to  its  mouth,  the  acid  condenses  in  it,  in  fine  acicular  ^^' 
crystals  which  were  formerly  called  flowers  of  benzoin.  A  good 
process  for  procuring  this  acid  is  that  recommended  by  Mr 
Hatchett  which  consists  in  digesting  benzoin  in  sulphuric  acid, 
when  it  affords  a  copious  sublimate  ojf  pure  benzoic  acid.*  It 
may  also  be  obtained  by  boiling  a  pound  and  a  half  of  powdered 
benzoin  with  4  ounces  of  quicklime,  in  6  or  8  quarts  of  water. 
When  cold  the  clear  liquor  is  decanted,  and  the  residuum 
again  boiled  in  half  the  former  quantity  of  water.  The  liquors 
thus  obtained  are  boiled  down  to  half  their  bulk,  filtered,  and 
mixed  with  muriatic  acid,  as  long  as  it  occasions  a  precipitate, 
from  which  the  liquor  is  poured  off,  and  when  dry  it  is  put  into 
an  earthen  vessel,  placed  in  a  sand  heat^  and  sublimed  into  paper 
cones.t 

1974.  Benzoic  acid^  when  it  has  been  thus  sublimed,  is  in  chancten. 
the  form  of  soft  feathery   crystals,  and  of  an  acrid  and  slightly 

sour  taste,  soluble  in  about  30  parts  of  boiling  water,  and  very 
sparingly  soluble  in  cold  water.  It  is  much  more  soluble  in 
alcohol,  and  this  solution  easily  furnishes  it  in  prismatic  crys- 
tals. 

1975.  Berzelius's  analysis  gives  the  following  as  the  compo- 
nents of  this  acid,  and  of  the  benzoate  of  lead : 

Hydrogen 5,16 

Carbon •     .     .     74,41  «omi»otiUai». 

Oijgen •    .    .    •     .    20,43 

100,00. 

Benxoic  acid 100,     7 «  q«  o      u 

Protoxide  of  lead       93,615— ^ *'•*»'*•     "' 

On  the  supposition,  that  neutral  benzoate  of  lead  contains  an 
atom  of  each  ingredient,  the  equivalent  of  benzoic  acid  is  11 9,64, 
or  in  whole  numbers,  120. 

Dr  Ure  by  saturating  the  acid  with  ammonia,  deduced  116 
as  the  equivalent  of  benzoic  acid. 

1976.  The  compounds  which  this  acid  forms  with  alkaline 
and  earthy  bases  are  called  benzoates ;  they  have  been  describ- 
ed in  the  Philosophical  Magaziney  vol.  xl.  and  •dnn.  de  Chim. 
vol.  ix.t  , 

Besides  the  vegetable  acids  which  have  now  been  described,  other acjd*. 
there  are  a  few  others  of  considerably  inferior  interest  and 
importance ;  namely,  the 

1917.  Maroxylic  acid,  discovered  by  Klaproth,  in  the  bark  Moroxyiic. 
of  the  morns  alba,  or  white  mulberry. §     An  exudation  was 
observed  upon  this  bark,  which  proved  to  be  a  compound  of  a 

•  Additional  Exp«rimeDt«  on  Tannin,  Phil,  Trana.  1808. 

t  la  the  tenth  Yolume  of  Nicholson's  JoummU  Mr  Brande  has  deUiled  several  experiments  on 
beoaoin,  and  has  shown  the  relatire  quantity  of  aOid  afforded  by  the  several  processet  whish  bava 
been  recommended  ibr  obtaininf  it 

X  See  also  Henry,  ii.  220.  $  ITicholion^s  Journal,  vU. 
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peculiar  acid  and  lime,  or  a  moroxylate  of  time;  its  solulion 
was  decomposed  by  acelaie  of  lead,  and  the  moroxylate  o/laid 
thus  obtained  decomposed  by  dilute  sulpiiuric  acid,  furnished  ■ 
solution  ofmoroxylic  acid,  which  ^ave  acicular  crystals  on 
evaporation.  This  acid  has  the  tasle  of  succinic  acid  ;  it  is  solu- 
ble in  water  and  alcohol,  fftid  dues  not,  like  some  of  its  salts, 
form  precipitates  in  metallic  solutions.  The  quantity  of  this 
acid  examined  by  Klaprolh,  wasso  small  as  to  leave  some  doubt 
respe^tin^  its  distinct  nature. 

1978.  j5o/c/jcoe('(/ was  obtained  byBraconnot  from  ih^hoUlua 
pseudoignariiis*  by  cautiously  evaporating  its  expressed  Juice 
lo'the  thickness  of  sirup,  digesting  it  in  alcohol,  dissolving  ibe  1 
residue  in  water,  and  adding  nitrate  of  lead  to  the  aqueous  solu- 
tion ;  the  precipitate  washed  and  diffused  lhi*ough  water,  wm 
decomposed  by  sulphureltcd  hydrogen  ;  the  liquor  was  iheo 
filtered  and  evaporated  till  it  formed  crystals,  which  were  puri- 
fied by  solution  in  alcohol  and  evaporation.  These  crystals  are 
boletic  acid;  they  are  prismatic,  and  require  ISO  parts  of  wiltf 

at  68°,  and  45  of  alcohol  for  their  solution,  which  redd«Dt 
blues  and  precipitates  nitrate  of  lead,  and  the  salts  containing 
the  peroxide,  but  not  those  of  the  protoxide  of  iron,  TKIs  add 
sublimes  with  little  alteration,  when  heated.  Braconnot  has 
examined  the  boletates  of  ammonia,  polassa,  lime,  and  baryta, 
hut  his  researches  have  not  as  yet  been  confirmed  by  any  other 
chemist.t 

1979.  Fungic  acid  was  procured  by  the  same  chemist  from 
the  boletus  juglandis,  and  some  other  fungi ;  it  is  deliquescent 
and  uncry  stall  izable-t 

1980.  Kinic  acid^  was  discovered  by  Vauquelin,  in  Cincho- 
na. When  a  strong  cold  infusion  of  this  bark  is  set  aside,  crys- 
tals oi  kinate  of  lime  are  sparingly  deposiled  by  it,  which  may 
be  decomposed  by  oxalic  acid.  The  kinic  acid  is  cryslallizi- 
bie,  sour,  and  bitter,:  the  kinates  are  for  the  mosj  part  soluble 
salts:  it  is  chiefly  distinguished  by  forming  no  precipitate  la 
solutions  of  lead  and  sllver-H 

19SI.  In  the  astringent  root  of  the  Krameria  triandra,  M. 
Feschier  has  announced  the  existence  of  what  he  consider!  u 
a  distinct  substance,  which  he  calls  krameric  ocirf.TT 

1983.  M.  Braconnot  has  given  the  term  Kllagic  acid  (from 
the  word  galle  reversed)  to  an  acid  body  which  he  has  detect- 
ed along  with  gallic  acid,  in  infusion  of  galls,  but  its  characlen 
have  been  but  imperfectly  ascertained. 

1983.  Zumic  acid  was  discovered  by  the  same  chemist  in 
vegetable  substances,  which  have  undergone  acetous  fermenU- 
tion.** 


MADDER. 
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Section  XVII.     Of  the  Parts  of  Plants! 

* 
1984.  In  the  preceding  Sections  the  principal  proximate  com- 
ponent of  vegetables  have  been  described,  and  the  composition 
of  some  of  their  detached  parts  has  been  adverted  to  ;  such  of 
these  as  have  not  been  previously  noticed  and  as  have  been 
examined  with  any  degree  of  precision^  remain  to  be  described 
in  this  Section  under  the  heads  of 


Roots. 

Seeds. 

Barks. 

Fruits. 

Woods. 

Bulbs. 

Leaves. 

Lichens 

Flowers. 

i.  Roots. 

Fungi. 

1985,  a.  Ipecacuanha.     This  root  is  the  produceof  the  Cat-  j  ^^  ^ 
licocca  Ipecacuanha.*    It  has  been  examined  by  M.  M.  Pelle-  ^"*'""  *' 
tier  and  Majendie,  and  an  account  of  their  researches  is  publish- 
ed by  M.  Robiquety  in  the  'jinnales  de   Chimie  et  Phys.  iv. 
17f.     100  parts  of  this  root  deprived  of  the  woody  fibrewhich 
traverses  its  centre  afforded 


Fattj  matter •      2 

Emetiue 14 

Gum 16 

Btarch .18 


Woody  fibre  . 
A  trace  of  wax 
Loss      •    •    . 


48 

2 
100 


The  means  of  separating  the  emetic  principle  have  already 
been  described.  (1837.) 

1986.  6.   Vakrianj  the  root  of  the  Valeriana  officinalis ^  v»ieri«a. 
has  been  examined  by  Trommsdorf.t    The  recent  root  loses 
about  three-fourths  its  weight  in  drying.     It  affords,  when  dis- 
tilled  with  water,  an  aromatic  volatile  oil;  it  also  contains 
starch,  gum,  resin,  and  extractive. 

1 987.  c.  Turmeric  is  the  root  of  the  Curcuma  longa,  a  Turmen*. 
plant  cultivated  in  the  East  Indies,  and  used  as  a  condiment, 
especially  in  Curry  powder.  Digested  in  water  or  alcohol,  it 
furnishes  a  large  proportion  of  yellow  colouring  matter,  which 
would  be  very  useful  to  the  dyer,  could  it  be  rendered  perma- 
nent. Most  of  the  acids  render  it  paler,  and  the  alkalies 
change  it  to  a  deep  brick-red ;  hence  its  use  as  a  test  of  the 
presence  of  alkaline  matter.     It  is  also  reddened  by  boracic 

acid,  and  by  muriatic  acid  gas. 

1988.  d.  Af adder  is  the  root  of  the  Rubia  Tinctorum^  and 
is  an  article  of  great  importance  in  dyeing;  it  grows  wild  in 
most  parts  of  the  south  of  Europe,  and  is  largely  cultivated  in 
some  parts  of  Holland  and  the  Levant ;  its  red  colour  is  apt  to 
be  injured  by  drying,  a  process  requiring  much  caution.  Good 
madder  has  a  strong  and  peculiar  smell ;   it  exhibits,  when  cut, 


Madder. 


*  I.inaxaa  Tiant.  \i. 


t  Aon.  do  Chimie,  Ixx. 


a  cortical  and  a  wooily  part  of  a  red  colour,  intermixed  in  tbe 
former  with  yellow  spots.     The  red  porlion  is  mosl  soluble.* 

1969.  e.  Rhxtba7'b  is  the  root  of  the  Rheum  palmnlum, 
largely  cultivated  in  the  norihern  parts  of  China  ;  its  colour  is 
brown,  with  streaks  of  red  and  white.  The  following  are  the 
componeot  parts,  separable  from  the  finest  kinds  of  Turkey 
rhubarb.t 

Wtlcr 8,?  I  Photphate  of  lime     ...     3.0 

Gum 31,0     Mklnle  of  lime     ....    6,5 

Reiin -     .    .   10,0    Woody  Gbre 16,3 

Extrucl,  tBi),  anil  ^alllQ  acid   26,0  | 
1990.  Liquorice,  the  root  of  the  Gli/eyrrhisa  glabra,  hu 
been  examined  by  M.  Robiquet,  wbo  found  in  it  the  following 
substances.}: 


niiiten 

.'   PLoapbal. 


e  soEBT. 


ilate   o(  lim 


iHbl«  mbitkDoe  tc- 
FembJinf  aiparajcio. 

.   Wood,  fibre. 


The  sugar  is  soluble  in  water  and  in  alcohpl,  but  not  con- 
vertible into  alcohol  by  fermentation  ;  nor  into  oxalic  acid  by 
the  action  of  nitric  acid. 

1991.  Jalap,  the  root  of  the  Convolvulus  Jalappa,  isem- 
ployed  in  medicine  as  a  calliartic.  It  is  imported  from  South 
America.  It  has  not  b^'en  submitted  to  any  accurate  chemical 
analysis,  but  its  activity  is  generally  regarded  as  chiefly  resi- 
dent in  its  resin.  The  finest  and  densest  jalap  afl'ords  about  tS 
per  cent,  of  resin,  when  digested  in  alcohol;  water  takeanp 
about  30  or  35  per  cent  of  the  remainder,  and  tlie  residue  ap- 
pears lo  be  inert  woody  fibre. 

1993.  Gentian  is  the  root  of  the  Genliana  ^»/£a -,  according 
to  Mr  Henry§  it  contains  the  following  substances ; 

i.      A  labFtance  resembling  bird-lime. 

ii.     A  Tina  combined  with  an  oil,  nhioh  givei  to  g«ntiaa  ila  peculiar  odaor. 

iii,    A  bitter  exlrnctive  principlE. 


Pbo'pbale  of  lime. 


.  Barks. 


1993,  a.  Cinchona.  The  varieties  of  Peruvian  bark  ban 
been  examined  by  M,  M,  Pelletier  and  Caventou.  In  the  cin- 
chona lanci/olia,  or  pale  bark,  they  found  the  following  con- 
stituent parts: 


Cibchonia,  combined  wllb  kinii 


.    Tannin. 


jfl^i  DieHomiry-  Art-  Djein 
nit,  QuArtfrfy  Jvurvii  a/Sc\ 
L  de  Chhn.  lu. 


ilisUDl.ftw  iiTltion 
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1994.  Cinchonia  may  be  obtained  by  the  following  process,  cinehonim. 
A  ))ound  of  pale  bark  {cinchona  lancifolia)  bruised  small,  is  to  Jj^  •*•**»•' 
be  boiled  for  a  quarter  of  an  hour  in  three  pints  of  a  very  dilute 
solution  of  pure  potassa.     The   liquid,  after  being  suffered  to 

cool,  is  then  to  be  strained  through  a  fine  cloth  with  pres- 
sure, and  the  residuum  repeatedly  washed  and  pressed.  The 
bark,  thus  washed,  is  to  be  slightly  heated  in  a  sufficient  quan- 
tity of  water,  adding  muriatic  acid  gradually  until  litmus  paper 
is  slightly  reddened.  When  the  liquid  is  raised  nearly  to  the 
boiling  point,  it  rs  to  be  strained,  and  the  cinchona  again  press- 
ed. To  the  strained  liquor,  while  hot,  add  an  ounce  of  sulphate 
of  magnesia,  and  after  this  add  solution  of  potassa,  till  it  ceases 
to  occasion  any  precipitate.  When  the  liquor  is  cold,  collect 
the  precipitate  on  a  filter,  wash  and  dry  it,  and  dissolve  it  in 
hot  alcohol.  On  evaporation  of  the  alcohol,  the  cinchonia  crys- 
tallizes in  delicate  prisms. 

1995.  Cinchonia  thus  obtained  is  white,  translucent,  crystal-  Pnpertio. 
line,  and  soluble  in  2500  times  its  weight  of  boiling  water,  but 

a  considerable  part  separates  on  cooling.  Its  taste  is  bitter, 
though  long  in  being  developed,  owing  to  its  insolubility ; 
but  Its  acid  solutions  have  a*  strong  taste  of  Peruvian  bark. 
It  is  neither  fusible  nor  volatile  at  moderate  temperatures.  It 
18  very  soluble  in  alcohol  and  ether,  and  ^sparingly  so  in  fixed 
and  volatile  oils. 

.  1996.  Cinchonia  restores  the  colour  of  litmus,  which  has  been 
reddened  by  an  acid  ;  unites  with  all  the  acids ;  and,  with  the 
creater  number,  forms  compounds  which  are  perfectly  neutral. 
The  sulphate  is  very  soluble,  has  an  intensely  bitter  taste,  and 
crystallizes  in  four-sided  prisms.  The  muriate  is  still  more 
^soluble  in  water  than  the  sulphate;  dissolves  in  alcohol ;  and 
crystallizes  in  delicate  prisms.  The  nitrate  is  not  cryslalliza-  ' 
ble.  The  oxalate,  tartrate,  and  gallate  of  cinchonia  are  insolu- 
ble. Hence  it  is  that  infusion  of  galls  precipitates  the  decoction 
of  cinchonia.*     H.  2.  287. 

1997.  In  the  yellow  bark  {cinchona  cordi folia)  M.  M.  Pel-  ^„j„j^ 
letier  and  Caventou  discovered  a  salifiable  base,  which  is  term- 
ed Quinia.     It  may  be  prepared  by  a  process  similar  to  that 
above  described  for  the  preparation  of  cinchonia.     When  dried 

it  is  a  white  porous  mass,  incapable  of  crystallization  ;  in  water 
it  is  as  insoluble  as  cinchonia  but  is  much  more  bitter ;  it  is 
however,  very  soluble  in  ether.  Quinia  is  distinguished  from 
cinchonia,  by  its  smaller  capacity  of  saturation,  360  parts  of  it 
being  required  to  neutralize  the  same  quantity  of  acid  as  315  of 
cinchonia. 

1998.  Sulphate  of  Qitinia.     This  salt  is  considered  as  the  snifUu 
most  active  form  of  the  salifiable  principle  of  bark  and  may  be 

«  See  Ano.  de  Cbiro.  et  Pbjs.  sr.  289,  S?"?;  xvii.  273. 316  ;  and  Ano.  of  Pbilos.  N.  S.  ii.  3l6.t   H.  2. 

t  ^titrate  o/'CtncAonia  nppcan  to  be  QDcrytUllizable.  Gallic.  oxmUc,  and  tartaric  acids  foran 
difficultly  aoluhle  Mlt«  with  ciochonia  ;  tbe  precipitate  occaiioncd  bj  droppiof  tlncUn  of  %u\\»  ioto 
Wtuion  of  pale  bark  ii  a  jallat*  of  Ct'ncAonia. 


s  of  M.  Hei 
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prepnied  by  tlic  following  process  o 

reduced  to  powder,  and  lioiled  twice  for  about  a  quarter  or  half 
nil  hour  in  14  or  \5  pints  of  water,  two  ounces  of  sulphuric  acid 
being  added  to  it  each  time.  The  decoctions  contain  the  sul- 
phate of  quinia,  arc  of  a  reddish  colour,  which  gradually  ac- 
quire a  yellow  IjliI,  and  have  a  very  strong  bitter  taste.  They 
are  to  be  filtered  through  a  lineu  cloth,  and  about  half  a  pound 
of  pulverized  quicklime  is  to  be  gradually  added  to  the  solution: 
the  sulphnle  of  quinia  is  decomposed,  the  alkali  being  precipi- 
tated along  with  the  sulphate  of  lime.  This  is  dii^ested  repeat- 
edly in  rectified  alcohol,  till  it  no  longer  imparts  any  bitter 
taste  to  this  fluid  ;  the  alcoholic  solutions  arc  then  evaporated 
till  a  very  bitter,  brown  viscid  substance  is  obtained,  which 
becomes  brittle  as  it  cools.  This  is  the  qinnia  separated  from 
almost  all  the  other  ingredients  of  the  bark;  and  by  digesting 
it  in  dilute  sulphuric  acid,  a  solution  of  the  sulphate  of  quinia  is 
obtained,  which  crystallizes  on  evaporation. 

Two  lbs  of  bark  yield  from  5  to  6  drachms  of  the  sulphate. 
It  consists  of  100  quinia  +  10,9  acid. 

1999.  JJcetate  of  Quinia  forms  bundles  of  flat  acicular  crj's- 
tals,  while  the  corresponding  salt  of  cinchonia  crystallizes  in 
small  tables.  The^«//n/e,  oxalate  and  tarlrate  of  guiitia,»re 
nearly  insoluble,  but  quinia  is  very  soluble  in  sulphuric  eiher. 

2000.  In  the  red  bark  {cinchona  oblongifoUa)  the  two  sali- 
fiable bases  above  described  are  found  united.' 

2001.  b.  The  bark  of  the  horse  chestnut  {..^sculns  hippo- 
castanum,)  has  been  partially  examined  by  M.  Henry. I  It 
appears  to  contain  scarcely  any  resin  ;  water  and  diluted  alco- 
hol dissolve  nMrly  the  whole  of  its  soluble  contents,  which  are 
chiefly  extractive  and  mucilap;e.  Tincture  of  galls  does  not 
render  its  infusion, turbid,  it  does  not  therefore  probably  coa- 
lain  the  peculiar  substances  discovered  in  Peruvian  bark. 

iii.  Woods. 

2003,  a.  Brazil  Wood  is  the  produce  of  the  Catsalpina 
crista,  growing  in  Brazil,  in  the  Isle  of  France,  Japan,  and 
°°  other  countries:  the  wood  is  hard  and  heavy,  and  though  pale 
when  recent,  it  acquires  a  deep  red  colour  by  exposure.  Di- 
gested in  water  it  affords  a  fine  red  infusion,  of  a  sweetish  fla- 
vour; the  residue,  which  appears  nearly  black,  imparts  much 
of  its  colour  to  alkaline  liquors.  With  alcohol  it  gives  a  deep 
red  tincture  :  alkalies  and  soap  convert  its  red  colour  to  a  Gne 

■  Cliivlcrl J  Jsumil  crScLeBCr  mil  lh<  AtIi.  i.  3en. 
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purple^  hence  paper  tinged  with  Brazil  wood  is  sometimes  used 
as  a  test  for  alkalies ;  acids  render  it  yellow  ;  alum  produces  a 
fine  crimson  lake  with  infusion  of  Brazil  wood ;  muriate  of  tin 
forms  with  it  a  crimson  precipitate,  bordering  on  purple  ;  the 
salts  of  iron  give  a  dingy  purple  colour.  Sulphuretted  hydro- 
gen destroy s^4he  colour  of  infusion  of  brazil  wood,  but  it  re- 
appears on  expelling  the  gas.* 

2003.  b.  Red  Sandal,  or  Saunders,  is  the  wood   of  the  s^,,^^,^^^^ 
Pterocarpus  santaKnus,  a  native  of  several  parts  of  India.    Its 

deep  red  colouring  matter  is  insoluble  in  water,  but  readily 
soluble  in  alcohol ;  it  is  chiefly  employed  for  colouring  a  few 
pharmaceutical  tinctures.  The  insolubility  of  its  colouring 
principle  in  water  furnishes  a  ready  mode  of  distinguishing  be- 
tween it  and  brazil  wood  ;  and  its  solubility  in  alcohol  renders 
it  probable  that  it  is  of  a  resinous  nature. 

2004.  c.  Logwood,  the  produce  of  the  Hxmatoxylon  cam-  LofWM<i. 
pechianum,  has  already  been  noticed  as  containing  a  peculiar 
colouring  principle.  (1827.)  It  imparts  a  fine  purple  or  crim- 
son colour  to  pure  water,  but  its  tint  is  altered  by  the  slightest 
metallic  impregnation  ;  alkalies  deepen  it,  and  acids  render  it 
paler;  alum  forms  with  it  a  violet-coloured  lake ;  sulphate  of 

iron  renders  the  infusion  of  logwood  deep  purple,  or  nearly 
black ;  sulphate  of  copper  and  acetate  of  lead  throw  down  brown 
and  purple  precipitates;  and  muriate  of  tin  precipitates  the 
jvhole  of  the  colouring  matter,  in  the  form  of  a  purple  com- 
pound. The  colours  which  logwood  produces  are  for  the  most 
part  very  perishable.! 

iv.  Leaves. 

2005.  a.  Senna,  According  to  Lagrange:t  the  leaves  of  the  senna. 
Cassia  senna  are  characterized  by  containing  a  peculiar  extrac- 
tive principle,  which,  by  long  boiling,  passes  into  a  resinous 
substance,  in  consequence  of  absorbing  oxygen ;  they  also  con- 
tain a  resin  which  resists  the  action  of  water,  and  is  soluble  in 
alcohol ;  the  whole  of  the  soluble  matter  amounts  to  about  one- 
third  the  weight  of  the  senna.  In  the  London  Medical  Repos- 
itory,  vol.  xv.  169,  the  efiects  of  the  various  re-agents  on  infu- 
sion of  senna  are  detailed  by  Mr  Batley. 

2006.  6.  Nightshade.     The  leaves  of  the  Jitropa  Belladon-  Ni;htthad«>. 
na  contain  according  to  yauquelin§ 

1.    Vegetable  albumen. 

K.   A  Mtler  narcotic  principle. 

iii.  Nitrate,  mariate,  vnlphate,  binoialate,  and  acetate  of  pota^a. 

Dr  Brandes  has  announced  the  existence  of  a  new  vegetable 
alkali  in  this  plant,  which  he  calls  atropia.  It  forms  brilliant 
acicular  crystals^  tasteless,  and  difficultly  soluble  in  water  and 

*  Cbevreoil,  Ann.  (U  CKim.  Izri. 

t  Bftoeroft  •n  Ptrmament  Col«itr«,  ii.  338.    Cherreuil.  Ann.  dt  Chim.  Uvi.  354- 

X  Ann.  d«  Cbim.  nvl.  %  Abo.  de  Chim.  Iziii. 


alcohol.     It  aflTords  distinct  salts  with  the  acids  ;  the   Su/pkuU 
o/t/ilropia  consists  of 

Sulphuric  acid 3S,52 

Atrnpia 30,93 

Water •     .     .     .     a*,5S 

100,00 

2007.  c.  Hyoscyamus  Niger,  or  Ucnba>ie.  In  the]earesof 
this  plant  Dr  lirandes  has  also  ascertuined  the  presence  of  a 
peculiar  and  highly  poisonous  aiililiahte  hase  which  he  calls 
hyosciama.  With  the  acids  it  forms  characteristic  salts ;  It 
crystallizes  in  long  prisms. 

2008.  Lupulin  was  discovered  by  Dr  Ives*  »nd  M.  M. 
Payen  and  Chevalier,  about  the  same  lime,  in  the  leaves  of  the 
Humulus  Liipitlun  or  common  hop.  It  is  extremely  bitter,  oi 
a  ycliow  colour,  and  has  an  aromatic  odour.  It  is  the  princi- 
ple on  which  the  characierislic  properties  of  the  hop  depetid. 

V.  Flowers. 

2009.  The  colouring  mailer  of  most  Bowers  is  extremely  fugi- 
tive, and  is  generally  much  changed  by  mere  exsiccation.  They 
usually  communicate  their  colour  to  water  ;  the  infusion  of  blue 
flowers  is  generally  reddened  by  acids,  and  changed  to  green 
or  yellow  by  alkalies ;  that  of  yellow  flowers  is  made  paler  by 
acids,  and  alkalies  render  it  brown  ;  the  red  iDfusIon  of  mstiy 
flowers  is  exalted  in  tint  by  acids,  and  changed  to  purple,  and 
io  some  instances,  to  green  by  alkalies. 

It  is  probable  that  one  and  the  same  principle  gives  colour  to 
several  of  the  blue  and  red  flowers,  but  that  the  presesce  of 
acid  in  the  latter  produces  the  red  ;  the  petals  of  the  red  row, 
triturated  with  a  little  carbonate  of  lime  and  water,  give  a  blue 
liquor ;  alkalies  render  it  green,  and  acids  restore  the  red. 

2010.  A  colouring  matter  analogous  to  that  of  the  violet, 
exists  in  the  petals  of  red  clover,  in  the  red  tips  of  those  of  the 
common  daisy,  of  the  blue  hyacinth,  the  holly-hock,  lavender, 
in  the  inner  leaves  of  the  artichoke,  and  in  numerous  other 
flowers;  reddened  by  an  acid,  it  colours  the  skin  of  sereial 
plums,  and  the  petak  of  the  scarlet  geranium  and  pomegranate. 
Some  flowers  which  are  red,  become  blue  by  merely  bruising 
them  ;  this  is  also  the  case  with  (he  colouring  matter  of  red 
cabbage  leaves,  and  of  the  rind  of  the  long  radish.  Mr  Smith* 
son  has  suggested  that  the  reddening  acid  is  in  these  cases  tlie 
carbonic,  which  escapes  on  the  rupture  of  the  vessels  which 
enclose  it. 

2011.  The  pelals  of  the  common  corn-poppy,  rtibhtA  upon 
paper,  give  a  purple  stain,  little  altered  by  ammonia  or  cnrbo- 
nato  of  soda,  but  made  green  by  caustic  potassa.     The  infusioo 
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of  poppy-petals  in  very  dilute  muriatic  acid^  is  florid  red  ;  chalk 
added,  renders  it  of  the  colour  of  port  wine  ;  carbonate  of  soda 
in  excess  gives  the  same  colour,  but  excess  of  potassa  changes 
it  to  green  and  yellow.  The  expressed  juice  of  the  black  mul- 
berry possesses  nearly  the  same  properties.* 

2012.  The  flowers  of  the  carihamus  tinciorius,  or  safflower^ 
cultivated^hiefly  in  Spain  and  the  Levant,  contain  a  yellow 
colouring  matter,  easily  soluble  in  water,  and  a  red,  soluble  in 
alcohol  and  weak  alkaline  liquors;  the  latter  only  is  employed. 
Rouge  is  the  red  colouring  matter  of  the  carthamus,  obtained  ^^"f* 
by  digesting  the  washed  flowers  in  solution  of  carbonate  of  soda, 
and  adding  lemon  juice,  which  throws  it  down  in  the  form  of  a 
fine  powder,  which  is  dried  and  mixed  with  a  portion  of  pow- 
dered talc  ;  carthamus  is  also  used  for  dyeing  silk.     The  details 

of  the  analysis  of  carthamus  will  be  found  in  the  Essays  of, 
Dufour  and  M archais.t 

2013.  Pollenin  is  prepared  from  the  pollen  of  tulips  and  was  Poiieain. 
discovered  by  Dr  John.     It  is  distinguished  by  its  insolubility 

in  all  those  agents  which  are  usually  employed  to  efiect  the 
solution  of  other  vegetable  products,  and  is  highly  inflammable, 
burning  rapidly  with  a  large  flame.  When  exposed  to  the  air 
it  soon  passes  to  a  state  of  putrefaction ;  and  by  destructive  dis- 
iillatioQ,  ammonia  is  disengaged,  along  with  some  of  the  usual 
products  that  arise  from  the  decomposition  of  animal  matter.it 

vi.  Seeds. 

2014.  Starch  is  an  essential  component  of  the  greater  number 
of  seeds,  and  it  is  generally  united  in  them  with  a  variable  por- 
tion of  gluten,  and  often  of  fixed  and  of  volatile  oil.  The  com- 
ponent parts  of  wheat-flour,  and  of  several  esculent  grains,  have 
already  been  stated  (1818,)  and  a  variety  of  curious  details  re- 
specting them  will  be  found  in  Einhoff's  PaperSy  in  Geh- 
xen's  Journal, 

Sir  H.  Davy  has  also  examined  a  number  of  seeds  with  a 
view  to  determine  their  relative  nutritive  powers :  for  the 
results  of  his  experiments  see  Agricultural  Chemistry j  4to. 
131. 

2015.  •Slmondsy  the  seeds  of  the  amygdalus  communis j  con-  Aimond*. 
sist  of  an  albuminous  substance  and  oil ;  the  latter  may  be  ob- 
tained by  expression,  five  pounds  yielding  about  one  pound  of 

cold  drawn  oil,  and  about  a  pound  and  a  half  when  aided  by 
heat.     The  bitter  almond  afibrds  by  pressure  an  oil  analogous 

*'  SmitiiaoD,  Pha.  Trans.  1818,  110.  t  >^nn*  <1«  Chim.  xlviii- 

X  CklorapkjflU  if  a  term  wbirh  it  applied  to  the  gr««a  colouring  natter  of  plant*,  aod  it  abtaine^  by 
subjecting  the  green  parts,  etpeciallj  tbe  leavea,'  to  preuore  aloqf  with  watar,  Ireatinf  Uie  raudue 
with  alcohol,  and  evaporatiof  the  lolution.  It  is  purified  from  a  hrowo  eoburuf  amttcr  bj  warm 
water.  It  it  toft,  viKsid,  and  of  a  fine  green  colonr,  iolnble  in  tulphnric  acid  wilboot  beiof  decorg- 
posed,  and  it  precipitated  by  water  and  tolationt  «f  The  alki^ies.  It  it  l%Tf  itliiMl  i»  •lephpl  sad 
efher,  but  it  tparin,;)y  di^solvd  by  water. 

66  ^     '  ' 
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to  that  from  the  former  ;  but  if  the  expressed  cake  be  distilled 
with  water,  a  portion  of  volatile  oil  eminently  poisonous,  and 
smelling  strongly  of  the  a^ond,  is  obtained  ;  this  oil  is  used  as 
a  flavouring  material  by  confectioners,  and  by  ihe  manufactur- 
ers of  noyau.  In  the  Philosophical  Transactions  for  ISll, 
Mr  Brodie  has  detailed  a  variety  of  experiments  illustrative 
of  its  action  as  a  poison,  in  which,  as  well  as  from  ils  odour  it 
appears  identical  nearly  with  hydrocyanic  acid. 

2016.  The  seeds  of  the  while  lupine  [lupinusalbus)t!ontaiti, 
according  to  Fourcroy  and  Vauquelin,*  gluten  and  a  green  acrid 
oil,  with  a  considerable  portion  of  phosphate  of  lime  and  mag- 
nesia, but  no  starch  or  sugar. 

2017.  Coffee,  the  seed  of  the  Coffta  Arabica  has  been 
examined  both  in  its  raw  and  roasted  state.  From  64  parts  of 
raw  coffee,t  Cadet  obtained 

Gum 8, 

Rrtin  and  billcr  extract    ■.......,.    S,0  Wl\ 

Gallic  acid 3,S  ^H 

laialuble  malter 43,S  ^H 

Loi*  including  a  trace  of  aibuaen       7,0  ^^H 

64. 

Hermann  has  given  the  following  comparative  analysis  of  cof- 
fee from  the  Levant  and  from  MartiniqneJ,  the  results  of  which 
differ  much  from  those  of  Cadet : 

Refin 74' 68 

Extractive       330 310 

Gum      .     ■ 130 144         .^^^ 

Fibrous  matter     ....      1335 -  1386         ,^^H 

LoH        tX        ^^H 

1D20  IMO         ^^1 

When  coffee  is  roasted  it  undergoes  a  peculiar  change  of 
composition  attended  by  the  formation  of  Ian,  and  a  volatile, 
fragrant,  and  aromatic  principle ;  but  in  this  state  it  has  no! 
been  examined  with  any  precision. 

3013.  Ca/eine  is  a  new  principle  which  was  discovered  in 
coffee  by  Robiquet.  It  is  white,  volatile,  and  crystal  I  izable, 
and  is  particularly  distinguished  by  the  large  quantity  of  nitro- 
gen which  it  contains,  being  greater  than  that  in  almost  any 
otiier  vegetable.  According  to  Dumas  and  Pelletier,  it  consists 
of  27,14  oxygen,  4,81  hydrogen,  46,51  carbon,  and  21,54 
nitrogen. 

2019.  Pepper.  The  seed  of  ihc  piper  nigrum  has  not  been 
satisfactorily  analyzed:  it  imparls  its  acrimony  to  alcohol  and 
to  water  ;  it  contains  a  species  of  volatile  oil,  with  starch  and 
extractive  matter. § 

2025,  Piperin  is  extracted  from  black  pepper,  by  digesting 
it  in  alcohol,  evaporating  the  solution,  treating  the  residue  witli 

■  Aaa  <■  Vmtm,  Kg.  tu'i.  I  Aug.  ia  Cbia.  InH. 
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water  as  long  as  this  liquid  dissolves  any  portion  of  it,  and  then 
dissolving  it  in  alcohol.  This  solution  affords  prismatic  crystals 
of  piperin,  which  may  be  rendered  transparent  and  colourless  by 
repeated  solution  and  crystallization.  They  are  soluble  in  alco- 
hol and  ether,  and  are  insipid.  The  peculiar  properties  of  pep- 
per appear  to  depend  on  an  acrid  volatile  oil  which  is  associat- 
ed with  it. 

2021.  Mustard.    The  seed  of  the  sinapis  nigra  derives  its  Mostari. 
acrimony  from  volatile  oil ;  it  also  contains  a  tasteless  fixed  oil, 
albumen,  gum,  and  traces  of  sulphur  and  earthy  salts. 

2022.  The  seeds  of  the  lycopodium  clavatum^  or  common 
club  moss  have  been  analyzed  by  Bucholz.*  From  1000  parts 
be  obtained 

•  . 

Fixed  oil 00 

Sugar        90 

Macilage        .' 15 

iDsolable  refidae 895 

1000 

This  seed  has  the  appearance  of  a  fine  yellow  powder,  which 
deflagrates  when  projected  into  the  flame  of  a  candle ;  it  is  used 
in  theatres  to  imitate  lightning ;  and  the  German  apothecaries 
employ  it  to  prevent  the  adhesion  of  pills. 

2023.  Jinnoita  is  the  produce  of  the  bixa  orellana,  a  tree  Aaootu. 
cultivated  in  various  parts  of  America.     When  the  capsules  are 
ripe,  the  seeds  are  bruised  and  steeped  for  vseveral  weeks  in 
water,  until  converted  into  a  pulp,  which  is  allowed  to  putrefy, 

and  being  diffused  through  a  fresh  portion  of  water,  is  heated 
till  a  scum  rises,  which  is  successively  removed  as  it  forms,  and 
teing  carefully  dried,  is  made  up  into  cakes,  and  wrapped  in 
palm  leaves  for  exportation. 

Annotta  is  soluble  in  water  and  alcohol ;  the  solutions  have  a 
disagreeable  smell,  and  are  of  an  orange  colour;  alkalies  render 
it  more  soluble  and  increase  its  colour ;  alum  and  the  acids  sep- 
arate it  from  its  solutions  in  the  form  of  a  yellow  sediment ;  it 
is  used  for  dyeing  silk  and  colouring  cheese. 

2024.  Citisin  was  discovered  by  M.  M.  Payen  and  Cheva- 
lier in  the  seeds  of  the  Cytisus  Laburnum.     Its  colour  is  yel-  9*^'*'"' 
low,  and  it  has  a  disagreeable  taste ;  it  is  soluble  in  water,  alco- 
hol and  ether.     It  is  easily  decomposed  by  h^at,  and  the  strong 
acids  produce  the  same  effect 

vii.  Fruits. 

2025.  The  acid  matter  contained  in  fruits  is  either  the  larta-  ^^ . 

«••.•  «•  ••  /».  m  Their  con* 

ric,  oxalic,  citric,  or  malic ;  or  a  mixture  of  two  or  more  of  tenu. 
them  ;  but  the  nature  and  proportion  of  the  acid  varies  at  dif- 
ferent periods  of  their  growth ;  gluten  and  starch  are  found 
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in  some  fruits,  and  a  gelatiniz!n|;  substance,  whicli  has  some- 
times been  regarded  as  identical  with  animal  jelly,  but  whieh 
is  probably  a  compound  of  gum  and   one  or  more  vegetable 

2036.  Most  of  our  common  fruits  also  contain  sugar,  and  it 
exists  in  ail  those  tbe  juice  of  which  is  susceptible  of  vinous  fer- 
mentation. In  some  fruits  the  quantity  of  sugar  is  increased  by 
mashing  and  exposure  to  air  ;  this  is  remarkably  the  case  wilh 
some  of  the  rooph -flavoured  apples  used  for  cider,  the  pulp  of 
which  becomes  brown,  and  at  the  same  time  sweet  by  a  few 
hours'  exposure, 

2037.  The  colouring  matter  of  fruits  seems  in  most  cases  to 
bear  a  strongresemblancc  to  tlial  of  flowers.  The  red  juice  of 
the  mulberry  was  found  to  exhibit  the  same  characters  as  the 
colouring  principle  of  the  wild  poppy  ;  carbonated  alkalies  ren- 
der it  blue,  but  caustic  potassa  changes  it  to  green  and  yellow: 
the  juice  of  red  currants,  cherries,  elder  berries,  and  privet  ber- 
ries, and  the  skin  of  the  buckthorn  berry,  appear  to  contain  j 
similar  colouring  principle. 

2023.  The  unripe  berries  of  the  buckthorn  furnish  a  juice, 
which,  when  inspissated,  is  known  under  the  name  of  nap 
green.  It  is  soluble  in  water,  and  rendered  yellow  by  carbo- 
nate of  soda  and  caustic  pOtassa;  the  acids  redden  it,  and  car- 
bonate of  lime  restores  it  to  green,  which  is  therefore  probably 
the  proper  colour  of  the  substance.' 

2029.  The  fruit  of  the  «'//t/  cucumber  {cucu7nia  elateriti7a] 
furnishes  a  very  acrid  juice,  which  deposits  the  powerful  cathar- 
tic known  under  the  name  of  elaterium.  This  substance 
occurs  in  commerce  in  thin  cakes,  of  a  greenish  colour  and  bit- 
ter taste  ;  it  derives  Its  cathartic  power  from  a  small  portion  of  i 
very  active  principle,  which  Dr  Paris  has  called  Elatin  ;t  from 
10  grains  of  elaterium  he  obtained 

Water 0,4  

EjiraoliTe &,6  _^H 

Fecnli a,S  ^^H 

Glulen 0,b  ^^H 

'Woody  matter 3,&  ^^H 

Billef  (.fincirle  <,  ^^H 

2030.  Zeine  was  discovered  by  Prof,  Gorbam  in  the  Zeti 
Mays  or  imWan  corn.  It  may  be  procured  by  infusing  ilie 
grain  in  water,  filtering,  and  digesting  the  insoluble  residue  in 
alcohol,  and  evaporating  to  dryness.  It  is  of  a  yellowish  col- 
our, insipid,  soft  end  elastic.^: 


I  Phuniulssiirai.SilcJi; 
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viii..  Bulbs. 

2031.  The  potato^  which  is  the  bulbous  root  of  the  solanum  p^^^^^ 
tuberosiinty  has  been  examined  by  Dr  Pearson  and  by  M.  Ein- 
hoff;  from  100  parts,  the  latter  chemist  obtained 

Starchy  naalter •     ....    22 

Albamen  and  mucilage       •••*••.      5,4 

27,4 

The  average  quantity  of  nutritive  matter  contained  in  the 
potato,  amounts  to  about  one  fourth  its  weight.  When  pota- 
toes become  sweet  by  exposure  to  frost,  a  portion  of  mucilage 
passes  into  the  state  of  sugar,  for  Einhoff  found  the  qnanlity  of 
starch  undiminished. 

2032.  Oar  lie  or  the  bulbous  root  of  the  allium  sativumy  has  Gariic. 
been  examined  by  Cadet.*     It  loses  by  drying  about  two-thirds 

of  its  weight;  its  juice  is  viscid,  and  very  sli<^htly  sour;  it 
yields  coagulated  albumen  when  heated,  and  when  distilled 
with  water  furnishes  an  acrid  oil  having  a  strong  odour  of 
garlic. 

2033.  The  bulb  of  the  Jlllium  Cepa,  or  Onion^  has  been  onioo. 
analyzed  by  Fourcroy  and  Vauquelin.t     The  juice  of  this  root, 
when  exposed  to  a  temperature  of  about  70^,  forms  a  quantity 

of  vinegar,  and  deposits  a  sediment  having  the  characters  of 
gluten  combined  with  oil  and  sulphur.  In  the  acetous  solution 
is  contained  a  substance  having  the  properties  of  manna,  and 
which  is  probably  a  product  of  the  fermentation,  for  none 
could  be  detected  in  the  recent  juice. 

2034.  Squill^  the  bulbous  root  of  the  Scilla  maritima  con- 
tains, according  to  Vogel,:t  a  peculiar  bitter  principle,  which  he 
terms  Scillitin,  combined  with  gum,  and  a  considerable  por- 
tion of  tannin. 

ix.  Lichens. 

2035.  There  are  several  lichens  which  abound  in  colouring 
matter ;  of  these  the  most  remarkable  is  the  Lichen  rocellay 
which  grows  in  the  South  of  France  and  in  the  Canary  Islands, 
and  which  affords  the  beautiful  but  perishable  blue  called  litmvSy  ,^r^,„, 
archilj  or  turnsole.  The  moss  is  dried,  powdered,  mixed  with 
pearlash  and  urine,  and  allowed  to  ferment,  during  which  it 
becomes  red,  and  then  blue ;  in  this  state  it  is  mixed  with  car- 
bonate of  potassa  and  chalk,  and  dried.  It  is  used  for  dyeini^ 
silk  and  ribands,  and  by  the  chemist  as  a  most  delicate  test  of 
acids,  which  it  indicates  by  passing  from  blue  to  red ;  the  blue 
colour  is  restored  by  alkalies,  which  do  not  render  it  gixcn. 
Cudbear  appears  to  be  a  similar  preparation  of  the  lichen  tar- 
tareus.§ 

*  Ann.  de  Chim.  lis.  f  Add.  de  Chim,  lir. 

X  Ana.  de  Chia.  Ixuir.  $  Bancroft  m  C9kmr$,  i.  lOQl 


rBXHKNTATIOt.-. 

Mr  SfflitlisaD  has  thrown  some  doubt  upon  the  usa  of  alka- 
lies  in  the  precipitation  of  litmus,  for  he  found  its  tincture  pro- 
duce no  change  on  solutions  of  muriate  of  lime,  nitrate  of  leid, 
muriate  of  platinum  and  oxalate  of  potasia ;  he  at  the  sane 
time  suggests  lije  idea  of  its  being  a  compound  of  a  vegetablt 
principle  wilh  potassa.* 
,.  2036,  The  Lichen  Islandicua,  or  Iciland  AIoss  hu  Wn 
subjected  to  analysis  by  Berzelius.t  He  obtained  from  it  thg 
following  substances  : 

Sirup 3,6 

Bi-tarlrate  of  polaiis    ■ 1 

Tarlfaleof  lime J   1,9 

Phaapliale  oriime ) 

Bitter  principle t    3,0 

Wax 1,6 

Gum 3.7 

Coloariug  eilraat •     7,0 

Starch •    .     ,  44,6 

Inioluble  ttarchj  niBtter 36,8 

102,0 

X.  Fungi  or  Mushrooms. 

2037.  M.  Braconnot  who  has  lately  examined  many  fungi 
with  minute  attention,  has  giveu  the  n^mQ  fungin  to  the  ituo- 
luble  spongy  portion  which  they  contain,  and  which  id  many 
respects  resembles  lignin :  he  has  aNo  detected  in  them  two  pe- 
■  culiar  acids,  which  heterms/un^i'c oci'rf  (1979)  and  iofe/.eflcii 
(1978)  ;  the  method  of  extracting  which  has  been  above  de- 
scribed. A  peculiar  fatty  matter,  or  adipocer,  has  been  foood 
by  Vauquetin  and  Braconnot,  in  several  of  the  fungi  j  an 
albuminous  substance,  and  salts,  some  of  which  are  bolelalei 
and  fungates,  have  also  been  detected  in  them,  but  the  analyses 
are  too  abstruse,  and  the  results  too  complicated,  to  be  regarded 
as  perfectly  satisfaclory.J 


Sectiom  XVIII,   Phenomena  and  Products  of  Fermentation. 

e038.  The  term  fermentation  is  employed  to  signify  the 
apontaaeous  changes,  which  certain  vegetable  solutions  undergo, 
placed  under  certain  circumslances,  and  which  terminate  either 
in  the  production  of  an  intoxicating  liquor,  or  of  vinegar  ;  the 
former  termination  constimtJng  vinous,  the  latter  acetous  fer- 
mentation. 

The  principal  substance  concerned  in  vinous  fermentatioD  1) 
sugar;  and  no  vegetable  juice  can  be  made  to  undergo  the 
process,  which  does  not  contain  it  In  a  very  sensible  quantity- 
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In  the  production  of  beer,  the  sugar  is  derived  from  the  malt ; 
in  that  of  wine,  from  the  juice  of  the  grape. 

2039.  In  the  manufacture  of  beevj  the  malt  is  ground  and  3^^, 
infused  in  the  mash-tun^  in  rather  more  than  its  bulk  of  water, 
of  the  temperature  of  160°  or  180*^.  Here  the  mixture  is 
stirred  for  a  few  hours ;  the  liquor  is  then  run  off,  and  more 
water  added,  until  the  malt  is  exhausted.  These  infusions  are 
called  ti^or/,  and  its  principal  contents  are  saccharine  maiteTf 
starchy  mucilage^  and  a  small  quantity  of  gluten.  The 
strength  of  the  wort  is  adjusted  by  its  specific  gravity,  which 
is  usually  found  by  an  instrument,  not  quite  correctly  called  a 
saccharometeVy  since  it  is  influenced  by  all  the  contents  of  the 
wort,  and  not  by  the  sugar  only."** 

The  wort  is  next  boiled  with  hopi^,  amounting  upon  the 
average,  to  ^V  ^^^  weight  of  the  malt,  their  use  being  to  cover 
the  sweetness  of  the  liquor  by  their  aromatic  bitter,  and  to 
diminish  its  tendency  to  acidify.  The  liquor  is  then  thrown 
into  large,  but  very  shallow,  vessels,  or  coolers^  where  it  is 
cooled  to  about  50^,  as  quickly  as  possible  ;  it  is  then  suffered 
to  run  into  the  fermenting  vaty  having  been  previously  mixed 
with  a  proper  quantity  of  yeasty  which  accelerates  fermentation^ 
apparently  by  virtue  of  the  gluten  which  it  contains. 

In  the  fermenting  vessel,  the  difierent  substances  held  in 
solution  in  the  liquor  begin  to  act  upon  each  other';  an  intestine 
motion  ensues,  the  temperature  of  the  liquor  increases,  carbonic 
acid  escapes  in  large  quantities ;  at  length  this  evolution  of  gas 
ceases,  the  liquor  becomes  quiet  and  clear,  and  it  has  now  lost 
much  of  its  sweetness,  has  diminished  in  specific  gravity, 
acquired  a  new  flavour,  and  become  intoxicating. 

8040.  The  distillers  prepare  a  liquor,  called  washy  for  the 
express  purpose  of  producing  from  it  ardent  spirits ;  instead  of 
brewing  this  from  pure  malt,  they  chiefly  employ  raw  grain, 
mixed  with  a  small  quantity  only  of  malted  grain  ;  the  water 
employed  in  the  mash-tun  is  of  a  lower  temperature  than  that 
requisite  in  brewing,  and  the  mashing  longer  continued ;  by 
which  it  would  appear  that  a  part  of  the  starch  of  the  barley  is 
rendered  into  a  kind  of  saccharine  matter*  The  wort  is  after- 
wards fermented  with  yeast. 

2041.  fFine  is  principally  procured  from  the  juice  of  the  >viin. 
grape,  and  some  other  saecharine  and  mucilaginous  juices  of 
fruits.  The  principal  substances  held  in  solution  in  grape  juice 
are,  sugary  gumyglutens  and  bi-tartrate  ofpotassa.  it  easily 
ferments  spontaneously  at  temperatures  between  60°  and  80°, 
and  the  phenomena  it  gives  rise  to  closely  resemble  those  of  the 

*It  it  abraM  iMtrameat,  of  th«  shape  shown  iit  6;.  136.  to  adjns'ed  in  weifhtatto  nnk  totho 
pdat  murlred  0*.  ia  dislilkd  water,  at  the  tempera toi-a  ol  TO-',  and  when  inuDcm-d  ia  a  U^oor  of  lb« 
tana  teaperatara,  aad  of  the  specific  gravitj  of  l.lOU,  it  it  bnojed  up  to  the  BBik  109,  jast  aboiva  Iha 
bulb.  The  ioteraediate  space  it  divided  iato  100  equal  parti,  aad  coasi:qnentIjr  will  iadieata  iataiw 
■lediaM  degrees  of  spacifie  (raTity.  This  it  the  most  oseful  form  of  the  insti  urns  lit,  tfco^li  aat  Aal 
ia  commoa  ase.  The  specific  graritj  of  the  wort  for  ale  is  usuallj  about  1,060  to  l,lOQl  «■!  fcr 
tabla-be(-rfr«m  1,010  to  1.090 


wort  with'  yeasl.  After  ihc  operation,  its  specUic  gravity  is 
Tiiuch  diminislied,  its  flavour  changed,  and  it  has  acquired 
ijito:(icaling  powers.* 

2042.  If  a  mixture  of  1  part  of  supar,  4  or  5  of  water,  and 
a  little  yeast,  lie  placed  in  a  due  temperature,  it  also  sood 
begins  to  ferment,  and  °;ive.^  rise  to  ihe  same  products  as  wnrt 
or  ^rape-juice;  and,  as  Ihe  free  admission  of  air  is  not  necessary 
to  vinous  fermentation,  its  results  may  easily  be  examined  by 
suffering  the  proi-ess  to  go  on  in  the  apparatus,  fig.  127.  consist- 
ing of  a  mittrass  containing  tlie  fermenting  mixture,  with  a  IkiiI 
tube  issuing  from  it,  and  passing  inig  an  inverted  jar  stajiding 
in  water. 

..-       It  will  thus  be  found  lliMt  the  only  gaseous  product  is  carbonic 
"  acid  ;  and  consequently,  that  ciirhon  and  oxygen  are  the  princi- 
ples which  Ihe  saccharine  matter  loses  during  tlie  process, 

2043.  Wheii  any  of  the  abnve-mentioned  fermented  liquort 
are  distilled,  Ihey  afford  a  spirituous  liquor  ;  thut  from  wine  is 
termed  brandi/ ;  iram  the  fermented  juice  o^  the  sugar-cwie 
we  obtain  rum ;  and  from  wash,  mnlt  spirit  ;  and  Ibeie 
spirituous  liquors,  by  re-disiiJUtion,  furnish  spirit  of  icine, 
urdent  «pinl,  or  alcohol. 

i!0J4.  The  different  ffrmenled  Iiq<Jors  furnish  very  d!fii:rent 
proportions  of  alcohol,  and  it  has  been  sometimes  supposed 
that  it  does  not  pre-exist  to  the  amount  in  winch  it  is  obtained 
hy  distillation ;  but  some  experiments  made  by  Prof.  Brande 
U|ion  the  subject,  in  ISll  and  1SI3,  and  which  are  printed  in 
the  P/ii/osophicat  Transactions  for  those  years,  tend  to  show 
.that  it  is  a  real  educl,  and  not  formed  by  Ihe  action  of  heal 
Upon  the  elements  existing  in  the  fermenlcd  liquor. t 

2045.  The  principle  upon  which  the  intoxicating  properties 
of  fermented  liquors  depends,  and  which  exists  in  ardent  spirits, 
is  in  its  purest  form  called  alcohol.  It  may  be  obtained  by 
distilling  the  rectified  xpirit  of  wine  of  commerce,  with  one- 
fuurlh  of  its  weight  of.  dry  and  warm  carbonate  of  potissaj 
about  ihree-founhs  may  be  drawn  over.  There  are  other  sob- 
slances  which  may  be  used  as  substitutes  for  the  carboiwt^ 
especially  muriate  of  lime, 

2016.  It  has  been  found  also  that  spirit  ofwine  ofsp.  gr.  S67 
when  inclosed  in  a  bladder,  and  exposed  for  some  lime  (o  the 
air,  is  converted  into  alcohol  of  sp.  gr.  0.317,  the  water  only 
escaping  through  the  coats  of  the  bladder.J 


<  S04T.  Alcohol  obtained  by  slow  and  careful  distillation,  is  a 
hnpid,  colourless  liquid,  of  an  afrreeable  smell,  and  a  strong 
pungent  flavour.  Its  specific  gravity  varies  with  its  purity; 
the  purest  obtained  by  rectilicatiun  over  muriate  of  lime  being 
791  ;  as  it  usually  occurs  it  is  .820  at  60".  If  rendered  as  pure 
as  possible  by  simple  distillalion,  it  can  scarcely  be  obtained  of 
a  lower  specific  gravity  than  .825,  at  00°. 

2048.  Dr  Hutton  is  said  lo  have  succeeded  in  freezing  alco- 
hol, but  the  means  by  which  he  effected  its  congelation  were  „ 
never  disclosed.  Mr  Walker  e^posed  it  to  a  temperature  of— 
91  but  no  congelation  took  place.  Even  wljen  diluted  with  an 
equal  weight  of  water,  it  requires  a  cold  of  6°  below  0  to  con- 
geal it.  By  using  anhydrous  sulphurous  acid  it  has  been  frozen 
by  M.Bussy,  (527).  When  of  a  specific  gravity  of  ,825,  it  boils 
at  the  temperatureof  176°, the  barometrical  pressure  being  30 
inches.  In  the  vacuum  of  an  air-pump  it  boils  at  common 
temperatures.  The  specific  gravity  of  the  vapour  of  alcohol, 
compared  with  atmospheric  air,  is  1,613." 

3019.   Alcohol  may  be  mixed  in  all  proportions,  with  water,  r. 
and  the  specific  gravity  of  the  mixture  is  greater  than  the  mean  ^'^ 
of  the  two  liquids,  in  consequence  of  a  diminution  of  bulk  that 
occurs  on  mixture  as  may  be  shown  by  the  following  experi- 
ment: 

Fig,  123  represents  a  tube  with  two  bulbs,  communicating  ^ 
with  each  other,  the  upper  one  being  supplied  with  a  well- 
ground  glass  stopper.  Fill  the  lube  and  lower  bulb  with  water, 
pour  alcohol  slowly  into  the  upper  bulb,  and  when  full  put  in 
the  stopper.  The  vessel  will  now  be  completely  filled,  tha 
alcohol  lying  upon  the  water  ;  if  it  be  inverted,  the  alcohol  and 
water,  will  slowly  mix  and  (he  condensation  tbRl  ensues  will  be 
indicated  by  the  empty  space  in  the  lube.  A  considerable  rise 
of  temperature  takes  place  in  this  experiment,  in  consequence 
of  the  condensation. 

2050.  The  strength  of  such  spirituous  liquors  as  consist  of  i.^ 
little  else  than  water  and  alcohol,  is  of  course  ascertained  by  "' 
their  specific  gravity  ;  and  for  the  purpose  of  levying  duties 
upon  them,  this  is  ascertained  by  the  hydrometer;  an  instru- 
ment constructed  on  the  same  principle  as  that  described  at 
page  527  {nole.)  But  the  only  correct  mode  of  ascertaining 
the  specific  gravity  of  liquids,  is  by  weighing  them  in  a  deli 
cate  balance  against  an  equal  volume  of  pure  water,  of  a  similar 
temperature.  (762. )t 

2051,  There  are  other  methods  of  judging  of  the  strength  of 
spirituous  liquors,  which,  though  useful,  are  not  accurate,  such 
as  the  taste,  the  size  and  appearance  of  the  bubbles  when  shaken. 
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the  linking  or  floatitii;  of  olive  oil  in  it,  and  the  appcaraixei 
it  exhibits  when  burned  ;  if  it  burns  away  perfectly  to  dryocM, 
and  inflames  gunpowder  or  a  piece  of  cotton  immersed  iu  it,  it 
is  considered  as  alcohol:  the  different  spirituous  liquors  lein 
variable  proporlions  of  water  when  thus  burned  in  a  graduated 
vessel." 

2053.  Alcohol  is  exiremely  inflammable,  and  burns  with  i 
pale  blue  flame,  scarcely  visible  in  bright  day-lip:ht.  Itocn- 
aions  no  fuliginous  deposition  upon  substances  held  over  it,  ind 
the  products  of  its  combustion  are  carbonic  acid  and  watcr.'tlu 
weight  of  the  water  considerably  exceedin,^  that  of  the  aleohttl 
consumed.  According  to  Saussure,  jun.  lOO  parts  of  aleobol 
afford,  when  burned,  136  parts  of  water,  the  production  tl 
which  may  be  shown  by  substituting  the  flame  of  alcohol  Gv 
that  of  water,  in  the  apparatus  described  in  the  first  of  lb* 
"-  work,  under  the  Article  Water  (349),  and  if  the  tubeatiu 
extremity  be  turned  down  into  a  glass  jar,  it  will  I>e  found  thita 
current  of  carbonic  acid  passes  out  of  it,  which  may  be  reodeted 
evident  by  lime  water. 

There  are  some  substances  which  communicate  colour  to  lbs 
flame  of  alcohol  ;  from  horacic  acid  it  acquires  a  greenish  yet 
low  tint;  nitre  and  the  soluble  salts  of  baryta  cause  it  to  bum 
yellow,  and  those  of  strontia  give  it  a  beautiful  rose  colour; 
cupreous  salts  impart  a  fine  green  tinge. 

2053.  Alcohol  dissolves  pure  soda  and  potassa,  but  it  does 
not  act  upon  their  carbonates:  consequently,  if  the  latter  be 
mixed  with  alcohol  containing  water,  the  liquor  separates  into 
two  portions,  the  upper  being  alcohol  deprived  to  a  considenbk 
extent,  of  water,  and  the  lower  the  aqueous  solution  of  the  »^ 
bonate.  The  alcoholic  solution  of  caustic  potassa  was  knon'D  ia 
old  pharmacy  under  the  name  of  Van  Helmont's  Tinclure  ^ 
Tartar.  Its  use  in  purifying  potassa  has  already  been  slated 
(S25)  ;  if  it  be  long  kept  it  deposits  small  crystals  of  carboniie 
of  potassd,  and  becomes  nearly  black,  from  the  decomposition 
of  a  portion  of  alcohol;  the  greater  number  of  sulphates  are 
Insoluble  in  this  menstruum,  but  it  dissolves  many  of  the  muri- 
ates and  nitrates.  Jt  also  dissolves  the  greater  number  of  the 
acids.  It  absorbs  many  gaseous  bodies.  It  dissolves  the  ve(^ 
table  acids,  the  volatile  oils,  the  resins,  tan,  and  extractive  mil- 
ter, and  many  of  the  soaps;  the  greater  number  of  the  filed 
oils  arc  taken  up   by  it  in  small  quantities  only  but  some  di»- 
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solve  larg^ely.  It  may  be  remarked  that  many  errors  exist  in 
the  published  estimates,  of  the  solubility  of  substances  in  alco- 
hol, arising  from  the  existence  of  water  either  in  the  solvent  or 
substance  dissolved. 

2054.  When  the  vapour  of  alcohol  is  passed  through  a  red-  p^compov.- 
hot  copper  tube,  it  is^decomposed,  a  portion  of  charcoal  is  de-  *'«"• 
posited,  and  a  large  quantity  of  carburetted  hydrogen  gas   is 
evolved. 

2055.  The  most  satisfactory  experiments  on  the  composition 
of  alcohol  are  those  of  Saussure,  as  quoted  by  Dr  Thomson.*  He 
passed  the  alcohol  through  a  red-hot  porcelain  tube,  terminating 
m  a  glass  tube  six  feet  long  and  surrounded  by  ice ;  all  the  pro- 
ducts were  carefully  collected  and  weighed.  The  result  of  this 
analysis  was,  that  100  parts  of  pure  alcohol  consist  of 

Hydrogen 13,70 

Carbon •    .     51,90 

Oxygen *     •    «     .     .    34,32 

100,00 

These  numbers  approach  to  3  proportionals  of  hydrogen  =  3 ;  comrositirn. 
2  of  carbon,  =  12  ;  and  1  of  oxygen,  =  8. 
Or  it  may  be  regarded  as  composed  of 

Olefiantgas 61,63 

Water 3«,37 

100,00 

If  we  consider  it  as  composed  of  1  volume  of  olefiant  gas,  and 
1  volume  of  the  vapour  of  water,  the  two  volumes  being  con- 
densed into  1,  the  specific  gravity  of  the  vapour  of  alcohol,  com- 
pared with  common  air,  will  be  1,599,  or,  according  to  Gay- 
liussac,  1,613. 

2056.  When  alcohol  is  submitted  to  distillation,  with  certain  Ethr.-. 
acids,  a  peculiar  compound  is  formed,  called  e/Aer,  the  different 
ethers  being  distinguished  by  the  name  of  the  acid  employed 

in  their  preparation* 

a.  Sulphuric  Ether. 

2057.  Sulphuric  Ether  is  the  most  important  of  these  com-  Prrrnration. 
pounds  ;  it  is  prepared  as  follows  :  Equal  weights  of  alcohol  and 
sulphuric  acid  are  carefully  mixed  and  introduced  into  a  glass 

retort  placed  in  a  sand-bath,  to  which  is  adapted  a  capacious 
tubulated  glass  globe,  connected  with  a  receiver,  as  represented 
in  fig.  100.  Raise  the  mixture  in  the  retort  to  its  boiling  ''i-  ^ 
point  as  rapidly  as  possible,  and,  keeping  the  receiver  cool  by 
water  or  ice,  continue  the  distillation,  till  opaque  vapours 
appear  in  the  retort;  then  remove  the  receiver,  and  agitate 
its  contents  with  a  little  quick-lime ;  after  which  pour  ofif  the 
elear  liquor,  and  re-distil  to  the  amount  of  three-fourths  its 
original  quantity  with   the  same  precautions  as  before.     The 
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nearly  colourless  below  the  ethereal  sohition,  whicli  is  to  be 
carefully  decanted  off;  into  this  the  polished  steel  is  for  in 
instant  plune;ed,  and  immediately  Bflernrards  washed  in  water, 
or  in  a  weak  alkaline  solulion.  Though  the  coating  of  plati' 
iium  is  the  least  beautiful,  Mr  Stodsrt,  who  has  made  many 
experiments  upon  this  subject,  considers  it  as  the  best  protec- 
tion from  rust.  Polished  brass  may  be  coated  by  the  same 
process.  These  surfaces  of  gold  and  platinum,  though  I'ery  thin, 
are  often  a  useful  protection :  with  gold  the  experiment  is 
particularly  beautiful,  and  well  illustrates  the  astonTshing divisi- 
bility of  the  metal.  The  clhei-eal  solulion  of  gold  is  not  per- 
manent, but,  after  a  time,  deposits  the  metal  in  the  form  of  a 
film,  in  which  crystals  of  gold  are  often  perceptible. 

2063.  Ether  is  sparingly  soluble  in  water,  and  in  alcohol  it 
dissolves  in  all  proportions.  The  spiriliis  slheris  sulpkurid 
of  the  Pharmacopceia,  is  an  alcoholic  solution  of  ether, 

2064.  Kther  is  highly  inflammable,  and  in  consequence  ofils 
volatility  it  is  often  kindled  by  the  mere  approach  of  a  burning 
body  ;  a  circumstance  which  renders  it  highly  dangerous  lo 
decani,  or  open  vessels  of  ether  near  a  candle." 

The  inflammability  of  ethereal  vapour  may  be  shown  by 
passing  a  small  quantity  into  a  receiver,  furnished  with  a  brass 
slop-cock  and  pi[>e,  and  inverted  over  water  at  a  letnperalure  of 
100°.  The  receiver  becomes  filled  with  the  vapour,  which 
may  be  propelled  and  inflamed  ;  it  burns  with  a  bright  bluid 
white  flame. 

2065.  When  ether   is  admitted  to  any  gaseous  body  it  in* 

'■  creases  its  hulk.  Oxygen  thus  expanded,  produces  a  highly  ' 
inflammable  mixture;  if  the  quantity  of  oxygen  be  large  and 
of  ether  small,  the  mixture  is  highly  explosive,  and  produces 
water  and  carbonic  acid. 

Into  a  strong  two  ounce  phial,  filled  with  oxygen  gas,  and 
wrapped  round  with  a  cloth,  let  fall  a  drop  of  ether.  On  apply- 
ing the  flame  of  a  candle,  a  violent  detonation  will  ensue. 

2066.  When  the  vapour  of  ether  is  passed  through  a  red- 
hot  tube,  it  is  decomposed,  and  furnishes  a  large  quantity  of 
carburetted  hydrogen  gas. 

2067.  The  results  of  its  combustion  have  been  minutely 
examined  by  several  chemists  of  eminence,  especially  by  Saus- 
sure,  and  Dr  Ure ;  they  have  given  its  ultimate  elements  as  fol- 
lows : —  ^^ 

Carbon        ....    67,98     ....    60,00  ^H 

Oiygen         ....      17,62     .  .      .     26,66  ^H 

BydrogeD    ....     14,40     .     ■     .    .     13,34  ^H 

100    SttuiiuTC  100.     Un. 

Saussure's  ether  was  of  the  specific  gravity  of  ,715  at  68°  F. 
and  that  employed  by  Dr  Ure  only  700.  On  comparing  these 
analytical  results,  especially  Dr  Ure's  with  the  theory  of  vol- 
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kaporalion  from  surfaces,  it  produces  intense  cold,  as  may  ba 
t  by  pouring  it  upon  the  han<l ;  and  seen,  by  dropping  il  upon 
1  bulb  of  a  thermometer,  which  sinks  to  many  decrees  below 
I  freezing  point  (HO).  The  specific  gravity  of  the  vapour  of 
Iphuric  ether,  compared  with  atmospheric  air,  is  according  to 
iiy-Lussac.  as  2,58S  to  1,000. 

LAt  mean  pressure,  sulphuric  ether,  when  of  a  speciiic  gravity  b 
E-,720,  boils  at   OS**,  und  under  the  exhausted  receiver  of  an 
^pump,  at  all  temperatures  above — 20°;  hence,  were  il  not 
Jr  atmospheric    pressure,  ether  would  only  be    known  in  the 
■t£  of  vapour. 

[In  consequence  of  the  cold  produced  during  the  vaporization 
¥  sulphuric  ether,  the  pha;nomena  of  boiling  and  freezing  may 
^exhibited  in  the  same  vessel.  For  this  purpose  procure  a 
|ry  thin  flask  which  fits  loosely  into  a  wine-glass,  as  shown  in 
139.  Pour  a  small  quantity  of  ether  into  the  flask,  and  p 
aier  into  the  glass,  and  place  the  whole  under  the  receiver 
of  an  air  pump  ;  during  exhaustion,  the  ether  will  boil,  and  a 
crust  of  ice  will  gradually  form  upon  the  exterior  of  the  flask. 

When  subjected  to  a  degree  of  cold  equal  to — 16°,  sulphuric 
ether  freezes. 

206 1.  Ether  dissolves  the  resins,  several  of  the  fixed  oils,  ^ 
and  nearly  all   the  volatile  oils;  it  also  dissolves  a  portion  of  >' 
sulphur,  and  of  phosphorus;  the  latter  solution  is  beautifully 
luminous  when  poured  upon  warm  waler,  in  a  dark  room.     The 
lixed  alkalies  are  not  soluble  in  ether,  but  it  combines  with  am- 
monia. 

By  repeated  agitation  with  water,  elher  is  brought  to  a  high  w 
degree  of  purity,  and  acquires  the  properly  of  dissolving  caout-  *' 
chouc.  The  process,  as  performed  in  presence  of  Faujis  de  St 
Fond,  by  Mr  Winch  of  London,  is  described  by  the  former  as 
fallows:  Let  a  pint  of  good  sulphuric  ether  be  put  into  a  bottle, 
or,  in  preference,  into  the  separator,  (fig.  130),  along  with  two 
pints  of  water;  agitate  the  two  liquids  repealedly  together ; 
then  let  them  stand  till  the  ether  has  risen  to  ihe  surf.ice,  and 
draw  ofl"  the  water  through  the  lower  cock  a,  leaving  the  ether 
in  [he  vessel.  Repeat  this  process  three  or  four  limes,  or  till 
«careely  one-third  of  the  ether  remains,  and  decant  the  residue 
into  a  well-stopped  phial.  In  this  ether,  the  elastic  gum,  cut 
into  thin  slips,  soon  begins  to  swell ;  but  ils  action  is  slow,  and, 
about  the  end  of  five  days,  the  solution  is  completed.  The 
method  of  forming  tubes,  &c.  with  lliis  solution  is  described  in 
the  first  volume  of  Faujas  de  St  Pond's  Travels  in  England, 
chap.  i.     H. 

2062.  Ether  dissolves  the  oxides  of  gold   and  platinum,  and  J 
these  solutions  have  been  employed  for  coating  steel  with  those  »: 
metals,  with  a  view  to  ornament  and  as  a  defence  from  rust.     If 
to  a  saturated  solution  of  gold  or  plalinum,  in  nitro-murialic 
acid,  there  be  added  about  three  parts  by  measure  of  good  sul- 
phuric ether,  it  soon  takes  up  Uie  metals,  leaving  the  acid 
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2068,  When  a  lillle  ether  is  introduced  into  chlorioe,  the 
^aa  is  absorbed,  and  3  peculiar  compound  results,  in  which 
muriatic  acid  is  very  perceptible;  if  ihe  eiher  be  inflamed,  a 
large  quantity  of  charcoal  is  deposited,  and  muriatic  acid  is 
abundantly  evolved. 

2069.  If  eiher  be  mixed  with  its  bulk  of  sulphuric  acid.aad 
submitted  to  distillalion,  a  poriion  of  it  is  converted  into  a  pe- 
culiar fluid  which  has  been  termed  oU  of  wme  ;  it  is  \he  oleum 
xthereum  of  the  PAarmacoptEra.  It  has  a  sweetish  laste,  uul 
a  rich  agreeable  odour  It  does  not  mix  with  water,  but  readily 
dissolves  in  eiher  and  in  alcohol.  It  is  very  inflammable,  aod 
deposits  a  large  quantity  of  carbon  during  its  combustion.  lu 
composition  has  not  been  inquired  into. 

3070.  The  residue  of  (he  distillation  of  ether  has  been  eum. 
ined  by  several  chemists.  According  to  Seriuerner,  new  arid 
compounds  are  produced,  which  he  calls  a?/(o/Aionicaci*is.t  M. 
Vo<;el,  in  repeating  these  experiments,  allows  the  formatioa  oT 
one  new  acid  only,  which  he  calls  sulphovinoua  acid ;  he  ob- 
tained  it  by  saturating  the  residue  of  the  distillation  of  ether 
^ith  carbonate  of  lead  ;  the  liquor  being  filtered,  contained  a 
SQ\ub\e  suiphofinale  0/ lead :  sulphuretted  hydrogen  passed 
through  this  solution  precipitated  the  lead  and  leA  the  pure  aeid, 
which  is  so  easily  decomposed  by  heat  as  only  to  admit  of  COft- 
centralion  by  evaporation  under  the  exhausted  receiver. 

2071.  Sulphovinofe  of  Baryta  was  obtained  by  Gay-Lui* 
sac,  in  rhomboidal  prisms  terminated  by  a  rhomboidal  pynmid; 
the  crystals  were  transparent,  and  permanent,  but  easily  deeoio- 
posed  by  heat. 

2072.  A  strong  analogy  appears  to  subsist  between  the 
hyposulphuric  and  sulphovinous  acids;  and  it  will  probably  be 
found  that  the  latter  derives  its  peculiarities  from  the  combiiu- 
tion  of  a  portion  of  ethereal  oil.f 

2073.  When  ether  is  passed  over  red-hof  platinum  wire,  A 
consumed  in  the  lamp  without  flame,  fig.  34,  (181,)  a  peculUr 
acid  substance  is  produced,  which  has  been  subjected  to  U 
interesting  series  of  experiments,  by  Mr  J,  F.  Daniell.§  He 
obtained  it  by  placing  the  lamp,  filled  with  ether,  and  properly 
trimmed  with  a  coil  of  glowing  platinum  wire,  under  the  head 
of  an  alembic,  in  which  the  vapour  was  condensed,  and  collect- 
ed in  a  phial  applied  to  its  beak. 
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Lampie  acidj  for  so  Mr  Daniel]  has  termed  this  product^  is  Lampie  m»4. 
colourless,  soqr,  and  pungent ;  its  vapour  is  very  irritating,  and 
its  specific  gravity,  when  purified  by  carefully  driving  off  a 
portion  of  alcohol  which  it  contains,  is  about  1,015.  It  reddens 
Tegetable  blues,  and  decomposes  the  alkaline  carbonates  witk 
effervescence. 

Mr  Daniell  has  described  many  of  the  combinations  of  this 
acid,  which  he  terms  lampateSf  and  has  given  some  experi- 
ments upon  its  composition,  whence  he  deduces  its  ultimate 
components,  as  follow  : 

1  proportiooal  carbon    .         .    .    6  Comporitic. 

1  '  ^ —  hjdrbgen     •     •    •     1  ' 

1  —  water     •     •     •     .     9 

16 

When  lampic  acid  is  added  to  the  solutions  of  silver,  gold, 
platinum,  mercury,  and  fcopper,  and  the  mixture  heated,  the 
metals  are  thrown  down  in  the  metallic  state. 

On  distilling  the  lampate  of  mercury ^  made  by  digesting 
the  peroxide  of  mercury  in  the  acid,  Mr  Daniell  obtained  the 
concentrated  or  pure  lampic  acidy  in  the  form  of  a  very  dense 
liquid  with  an  intensely  suffocating  odour. 

b.    Nirflic  Ether. 

2074.  When  strong  nitric  acid  and  alcohol  are  mixed  in 
equal  proportions,  a  violent  action  presently  ensues ;  there  is  a 
yery  copious  evolution  of  an  inflammable  aeriform  body,  which 
has  been  called  nitrous  etherized  gas^  and  which  appears  to  be 
a  compound  of  nitrous  ether,  and  nitric  oxide.  If  we  endeav- 
our to  condense  the  volatile  products,  we  find  that  the  receiver 
contains  alcohol,  water,  nitrous  ether,  nitrous  acid,  and  acetic 
acid ;  and  that  the  greater  portion  of  the  true  ether  has  made 
its  escape  with  the  gaseous  products.  Thenard  has  paid  much 
attention  to  this  subject,  and  has  given  the  following  process 
for  obtaining  nitric  ether.* 

Introduce  into  a  sufficiently  capacious  retort  equal  weights  ^ 
of  alcohol,  (specific,  gravity  820)  and  of  nitric  acid  of  commerce  '*^*"*'®'' 
(specific  gravity  1,30)  and  connect  it  with  five  Woulfe's  bottles^ 
the  first  of  which  is  empty,  and  the  remaining  four  half  filled 
with  a  saturated  solution  of  salt  in  water.  Apply  a  gentle  heat 
to  the  retort,  till  the  liquor  begins  to  effervesce;  then  withdraw 
the  fire,  and  the  gaseous  matter  passing  through  the  bottles, 
which  should  be  kept  cold  by  ice,  deposits  the  ether  upon  the 
saline  solution,  ffom  which  it  is  to  be  decanted,  shaken  with 
chalk,  and  re-distilled  at  a  very  gentle  heat.t 

2075.  Nitric  ether,  thus  prepared,  has  the  following  proper-  p^^^ 
ties :  It  has  a  very  powerful  ethereal  odour ;  its  colour  is  pale 

•  M6m.  d'ArcoeiU  Tom.  i,  ■nd  Tr»jt6  de  Chim.  iii. 

t.Se«  detciipttonof  an  •sppwrntm  lor  tbit  ptoeestt  bj  Dr  Hore  in  Jim.  Jwr.  rol.  u,  p.  336. 
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yellow;  its  tasle  very  pungent;  its  specific  gravity  above  thgt 
ofalcoho),  but  less  than  thai  of  water.  It  is  more  volatile  than 
sulphuric  ether,  and  the  heat  of  the  hand  is  suOicienl  to  pro* 
duceitsebutlition.  It  is  soluble  in  4S  parts  of  water;  and  in  all 
proportions  in  alcohol  ;  this  last  solution  is  the  spiri/us  elherit 
nifrosi,  or  sweet  spiril  of  nitre  of  the  Pharmacopaia.  It  is 
decomposed  by  keeping,  and  nitric  and  acetic  acids  are  formed 
in  it.     According  to  Thenard,  nitric  ether  consists  of 

OKjeen J8.52  ^^_ 

CarhoD 38,45  ^^H 

Nilrof-fn 14,49  ^^H 

HjdcogcD    .     .     .     •     .    .^  .     .  8,54  ^^H 

100,00 
Dr  Thomson*  concludes,  from  analogy,  that  nitric  ether  con- 
sists of  4  proportionalsof  olefiant  gast.=  2S,aDd  I  of  nitric  acid, 

=  S4  ;  or,  of  Jll 

4  proportionali  of  hydrngen  1   X  ^  ^    4  ^^^^| 

4 carbnii        6   X  4  =  24  ^^^1 

1 nilrogfH      ....  14  ^^1 

5 oijBHi      8  X  6  =  40 


2076.  When  nitric  acid,  holding  mercury  or  silver  in  solu- 
tion, is  added  to  alcohol,  a  white  precipitate  is  formed  durinr 
the  effervescence  that  ensues,  which  is  possessed  of  powerfu 
detonating  properties.  (1537&15S8). 

c.  McRiATic  Ether. 

2077.  Muriatic  ether  was  thus  obtained  by  Thenardt;  Equal 
measures  of  strong  liquid  muriatic  acid,  and  highly  rectified 
alcohol,  are  put  into  a  retort  communicating  with  a  receiver, 
from  which  a  tube  passes  into  a  Woulfe's  bottle  containing  warm 
water,  and  having  a  tube  of  safely:  from  this  there  issues  s 
bent  tube  passing  into  a  bottle  surrounded  by  ice.  On  applying 
heat  to  the  retort,  a  portion  of  alcohol  and  acid  pass  into  the 
first  receiver,  and  the  etiier  in  a  gaseous  slate  escapes  through 
the  warm  water  and  the  bent  tube,  and  is  condensed  in  the  cold 

2078.  At  a  temperature  somewhat  below  70°  muriatic  ether 
passes  into  the  stale  of  vapour,  of  which  the  specilic  gravity  b 
about  2,320,  that  of  air  being  1.000;  it  is  highly  infiaromable, 
its  taste  sweetish  and  ethereal,  and  it  is  soluble  in  its  own  bulk 
of  water  at  64°,  Its  specilic  gravity  in  a  liquid  stale,  ut  40°,  is 
,870.  It  is  remarkable  that  this  ether  does  not  affect  vegetable 
blues,  nor  does  it  afford  Incps  of  chlorine  to  the  usual  tests; 
but,  wlien  burned,  muriatic  acid  is  immediately  perceptible. 
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2079.  According  to  Thenard,  this  ether,  contains 

Mariatic  acid       *    *    •    29,44 

S-x;"^-.  : : ; : : : : :  : :  ^i\  --— 

Hydrogen •    •    10,64 

100,00  • 

Dr  Thomson  considers  muriatic  ether  as  a  compound  of  four 

proportionals  of  olefiant  gas,  and  one  of  muriatic  acid  ;  hence  it 

would  contain 

5  proportionals  of  hydrogen    1  X  6  =    &i 

.  4 carbon         6  X  4  =  24, 

1  ^ — -    chlorine    •     •    •    •     36 
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d.  Htdriodic  Etheb. 

2080.  By  distilling  two  measures  of  alcohol,  with  one  of 
concentrated  liquid  hydriodic  acid,  Gay-Lussac  obtained  an 
ethereal  liquid,  of  a  specific  gravity  of  1,920  at  72^,  and  re- 
quiring a  temperature  of  148^  for  its  ebullition.  Its  properties 
have  not  been  very  satisfactorily  investigated,  nor  have  any 
accurate  experiments  demonstrated  its  composition.* 

Jiceious  Fermentaiion. 

2081.  When  any  of  the  vinous  liquors  are  exposed  to  the 
free  access  of  atmospheric  air  at  a  temperature  of  80^  or  85^, 
they  undergo  a  second  fermentation,  terminating  in  the  pro- 
duction of  a  sour  liquid,  called  vinegar.  During  this  process 
a  portion  of  the  oxygen  of  the  air  is  converted  into  carbonic 
acid ;  hence,  unlike  vinous  fermentation,  the  contact  of  the 
atmosphere  is  necessary,  and  the  most  obvious  phsBnomenon  is 
the  removal  of  carbon  from  the  beer  or  wine.  Vinegar  is 
usually  obtained  from  malt  liquor  or  cider ,  while  wine  is  em- 
ployed as  its  source  in  those  countries  where  the  grape  is 
abundantly  cultivated. 

2082.  The  colour  of  vinegar  varies  according  to  the  materials 
from  which  it  has  been  obtained  ;  that  manufactured  in  England 
is  generally  artificially  coloured  with  burnt  sugar :  its  taste  and  P"»p«'*»«» 
smell  are  agreeably  acid.  Its  specific  gravity  is  liable  to  much 
variation;  it  seldom  exceeds  1,0250.  When  exposed  to  the 
air  it  becomes  mouldy  and  putrid,  chiefly  in  consequence  of  the 
mucilage  which  it  contains,  and  from  which  it  may  be  in  some 
measure  purified  by  careful  distillation.  According  to  Mr.  R. 
Phillips,!  when  good  malt  vinegar  of  the  specific  gravity  of 
1,020  is  distilled,  the  first  eighth  that  passes  over  is  of  the 
specific  gravity  0,997;  the  next  six-eighths  are  of  specific 
gravity  1,0023,  and  a  fluid  ounce  decomposes  8,12  grains  of 
precipitated  carbonate  of  lime.    The  lightness  of  the  first  por- 

*  Anoftles  d«  Chimic,  zci.  \  IUa»rks  on  tb«  London  PbaitnacopoBta. 
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tioR  is  owing;  to  its  containing  alcohol,  conseqiienUyi  in  thi 
Pharmacopoeia  process  it  is  ordered  to  be  rejected.  The  term 
distilled  vinegar,  or  dilute  acetic  acid,  is  properly  applied  to 
the  second  portion;  it  is  erroneously  called  acetic  acid,  in  the 
London  PhamacopcBia.  The  matter  which  remains  in  the 
sliUis  empyreu malic,  and  generally  contains  some  other  ve^la- 
fale  acids :  when  the  vineD;ar  has  been  adulterated,  which  is  not 
unfrequently  the  case,  we  sometimes  find  in  it  muriatic  aad 
sulphuric  adds. 

2083.  Distilled  vinegar  is  colourless,  and  of  a  flat  acid  taste; 

it  consists  essentially  of  the  real  acid  diluted  with  water.     To 

obtain  acetic  acid,  or,  as  it  has  been  sometimes  called,  radical 

■   vineqar,  distilled  vinegar  may  he  saturated  with  some  metallic 

oxide,  and  the  acetate  thus  obtained,  subsequently  decomposed. 

3084.  Acetic  aciil  is  thus  procured  by  dUtlUiDg  aceialeof 
copper,  or  crystallized  verdigris,  in  a  glass  retort  healed  gradu- 
ally to  redness  :  it  requires  rc-distlllatlou  to  free  it  (rom  a  liitle 
oxide  of  copprr  which  passes  over  in  the  first  instance.  Acetic 
acid  may  also  be  obtained  by  disiilllng  acetate  c^f  soda  or  act- 
tale  of  lead  with  half  its  weight  of  sulphuric  acid  :  or  from  ■ 
mixture  of  equal  parts  of  sulphate  of  copper  and  acetate  of  lead^ 
in  these  cases,  the  acid  passes  over  at  a  moderate  temperature. 

20S5.  A  considerable  quantity  of  acetic  acid  is  also  now  pro- 
cured by  the  dislillalion  of  wood  in  the  process  of  preparing 
charcoal  for  the  manufacture  ol  gunpowder.  The  liquor  at  firat 
procured  is  usually  termed  pyroligneous  acid;  it  is  empyreu- 
matic  and  impure,  and  several  processes  have  been  contrived  to 
free  it  from  tar  and  other  matters  which  it  contains.  It  may  be 
saturated  with  chalk  andevaporated,  by  which  an  impure  acetate 
(pyrolignate)  of  lime  will  be  obtained,  and  which,  mixed  with 
sulphate  of  s»jda,  furnishes,  by  double  decomposition,  sulphate  of 
Itme  and  acetate  of  soda:  the  latter  distilled  with  sulphuric 
acid  affords  a  sufficiently  pure  acetic  acid,  which  by  dilution 
with  water  may  be  reduced  to  any  required  strength.  The 
purification  of  this  acid  has  been  brought  to  great  perfection  by 
DrBotlman. 

2086.  The  apparatus  used  In  the  preparation  of  this  acid  is 
"  represented  by  fig.  131 ;  a  is  a  section  of  the  cylinder  in  which 
th^  wood,  deprived  of  Its  bark,  is  placed  ;  b  a  different  sectioD, 
C  the  elevation  of  the  furnace,  d  the  outer  stopper,  e  an  inner 
shutter  which  is  smeared  round  its  edge  with  clay-lute,  sjid 
secured  lo  the  mouth  of  the  cylinder,  f  the  pipe  for  conveying 
off  the  acid  into  the  casks  ^,  which  are  connected  by  the  lubes 
h,  i  is  the  pipe  for  conveying  the  tar  into  the  receiver  k.  The 
escape  of  the  elastic  fluids  Is  provided  for  by  bent  tubes  inserted 
ia  the  casks,  and  terminating  under  the  surface  of  water.  The 
average  quantity  of  impure  acid  obtained  from  each  cwt.  of  wood 
is  about  four  gallons  and  a  half.  The  crude  acid  is  rectified  by 
a  second  distillation  in  a  copper  still.* 
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2087*  Acetic  acid  obtained  by  these  processes  is  transparent  Prop«rtiet. 
Itnd  colourless,  its  odour  highly  pungent  and  it^  blisters  and 
excoriates  when  applied  to  the  skin.  Its  specific  gravity  is 
1,0S0.  It  is  extremely  volatile,  and  its  vapour  readily  burns. 
It  combines  in  all  proportions  with  water,  and  when  considera- 
bly diluted,  resembles  distilled  vinegar.  When  highly  concen- 
trated, it  crystallizes  at  the  temperature  of  40^,  but-  li(|uefies 
when  its  heat  is  a  little  above  that  point.  4^ 

The  most  probable  constitution  of  acetic  acid,  derived  from 
the  analysis  of  its  salts,  is  the  following : 

Atoms. 

Carbon     •    •    •      4    •    •    .    24    •     •     .    49 

Oxygen    .    ,    .      3    ...    S4    ...    48  ComftMm. 

Hydrogen     .•S...2...4 

50  ^100 

Its  equivalent,  according  to  this  view  of  its  composition  is 
60.     H.  2.  347. 

2088.  The  acetates  are  all  soluble  in  water,  and  mostly  very  Ac«utc«, 
-soluble :  many  of  them  are  deliquescent,  and  difficultly  crystal- 
lizable ;  they  are  decomposed  by  sulphuric  acid,  and  when  sub- 
mitted to  destructive  distillation,  furnish  a  modified  vinegar, 
which  has  been  termed  pyroacttic  acid  of  spirit  :  these  decom- 
positions have  been  fully  investigated,  land  the  properties  of  the 
pyroacetic  spirit  inquired  into,  by  Mr  Chenevix.* 

The  following  are  among  the  most  ipiportant  of  the  acetates : 

2089.  Jicetate  of  Jimmonia  is  a  very  deliquescent,  soluble  iia!^"*"^ 
salt,   and   extremely   difficultly    crystallizable.      In   solution, 
obtained  by  saturating  distilled  vinegar  with  carbonate  of  ammo- 
nia,'it  constitutes  the  ammonisB  aceias  liquidtis  Af  the  U.  S.  P. 
which  has  long  been  used  in  medicine  as  a  diaphoretic,  under 

the  name  of  spirit  of  JMindererus. 

2090.  Jicetate  of  Potassa  is  usually  formed  by  saturating  .of  pousw. 
distilled  vinegar  with  carbonate  of  potassa,  and  evaporating  to 
dryness.  If  this  salt  be  carefully  fused,  it  concretes  into  a 
lamellar  deliquescent  mass  on  cooling.  It  is  the  terra  foliata 
iartarij  and  febrifuge  salt  of  Sylvius  of  old  pharmacy.  It 
dissolves  in  its  own  weight  of  water  at  60^,  and  the  solution  has 

an  acrid  saline  taste.     It  consists  of  one  proportional  of  each  of 
its  components. 

2091.  Jicetate  of  Soda  forms  prismatic  crystals,  not  deli- 
quescent, of  an  acrid  bitterish  taste,  and  soluble  in  rather  less  ^^*^^ 
than  three  parts  of  water  at  60°.     It  is  the  terra  foliata  crys- 
iallisata  of  old  writers.     It  consists  of  32,  soda  +  50  acetic 

acid. 

2092.  Jicetate  of  LimCf  is  a  difficultly  crystallizable  salt,  _     . 
readily  soluble  in  water,  and  of  a  bitter  saline  taste;  consisting  "^ 
of  28  lime  -|*  ^  ^c'^*     I^  >'  sometimes  obtained  by  saturating 

the   vinegar    formed    during    the  distillation   of  wood,    and 

*  Aoimlts  d«  Cbinie,  zUr. 
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employed  in  the  preparation  o(  aeeta/e  qf  alumina,  which  is 
used  liy  the  CBlico-printers  as  n  mordant. 

2093.  Acetate  of  Baryta  fiirnislies  alcular  crystals  of  a  sour 
and  biiieriah  taxte  :  in  cold  wealhcr  the  concentrated  solution 
conffcals  inio  a  silky  congeries  of  crystals.  It  requires  rather 
more  (hnn  its  own  weight  of  water  at  60°  for  solution,  and  con- 
sjatH  of  50.  acid  +  7S,  baryta.* 

2094.  .IcfJale  of  Iron.  The  acetic  acid  combines  with 
both  oxides  nf  iron.  The  protacetate  is  formed  by  digesting 
sulphuret  of  iron  in  acetic  acid  ;  it  yields  green  prismatic  tryti- 
lais,  of  a  styptic  taste,  and  readily  soluble  in  water;  the  solu- 
tion bfcom.'s  brown  by  exposure  to  air,  and  passes  into 
peracetafe,  which  is  uuirysiallizable,  and  obtained  by  digieslin^ 
iron  in  acetic  acid.  This  compound  is  extensively  used  by 
calico-printers,  who  prepare  it  either  by  digesting  iron  in 
pyroligneous  uctd,  or  by  mixingr  solution  of  acetate  of  lead  with 
sulphate  of  iron,  and  exposing  the  filtered  solution  to  air. 

20JJ5.  ./Jce/afe  of  Zinc,  is  formed  either  by  dissolving  oxide 
of  zinc  in  acetic  acid,  or  by  mixing  a  solution  of  sulphate  of 
zinc  iv-jih  one  of  ncelnicof  lead.  It  crystallizes  in  thin  shining 
plates  of  a  hitler  nnd  metiillic  taste,  very  soluble,  but  not  deli- 
quescent. This  Fait  is  sometimes  used  in  pharmacy,  chiefly  as 
an  cvlcrnal  appiicntion.  Acconling  to  Messrs  Aikin,  the 
specific  pravily  of  a  saturated  solution  of  acetate  of  zinc,  made 
by  di<;eslin<;  the  salt  in  distilled  vines;3r,  is  1055.  Of  this 
solution  900  grains  contain  53  of  dry,  or  82,6  of  crystallized 
acelale.  One  ounce  by  measure  of  the  solution  weighs  506 
grains,  and  contains  29,8  grains  of  dry,  or  46,5  grains  of  crys- 
tallized salt. 

2096.  Jlcctaie  of  Tin.  This  metal  is  slowly  acted  on  by 
acetic  acid,  but  a  protacelate  and  peruce/afe  of  lin  may  be 
made  by  mixing  acetate  of  lead  with  saturated  solutions  of  the 
protomuriale  and  permuriate  of  tin.  These  solutions  have 
been  recommended  as  mordants  for  the  use  of  dyers.  The 
protacelate  is  crystallizable.  Vinegar  kept  in  tin  vessels  dis- 
solves  a  very  minule  portion  of  the  metal;  and  in  pewter  ves- 
sels it  likewise  dissolves  a  small  portion  of  the  lead,  where  lo 
contact  both  with  the  vinegar  and  air;  hence  distilled  vinegar, 
which  has  been  condensed  in  a  pewler  worm,  affords  generally 
traces  of  both  metals.t 
*.  2097  Jlcettite  of  Copper.  By  exposing  copper  to  the 
fumes  of  vinegar,  it  becomes  gradually  iucrusted  with  a  green 

•  ActlaU  ^  SirMitit  rurniihti  imill  pcnnnnFiil  cijitili,  »iMi>iln(  «r  Ml  *tU  -|-  St  ttnnlik 

in  rhgrabaidaJ  IiIiIfi.  |W[msiieiil.iiidvr«  rrddiih  cslmiFand  ■■Uinftlil  mrUllle  liHc,  Mlufeic  In)  11 
pun  a!  wktcr  u  BO*.    Thtj  CDHiit  al  10  uid  ui  tnUr  -j-M  pnluide  tt  -i-fimii      Uta. 
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]^wder  called  verdigris,*  which  is  separable  by  the  action  of 
water,  into  an  insoluble  subacetate  of  copper,  and  a  soluble 
acetate. 

Acetate  of  copper  may  be  obtained  by  di^^esting  verrU^ris,  or 
oxide  of  copper,  in  acetic  acid  ;  by  evaporating  this  solution,  it 
is  obtained  in  prismatic  crystals  of  a  fine  green  tint.  It  dis- 
solves sparingly  in  water  and  alcohol,  and  communicates  a 
beautiful  blue-green  colour  to  the  flame  of  the  latter ;  by  distil- 
lation it  afibrds  a  very  pure  acetic  acid. 

2098.  Acetate  of  Lead,  is  the  Sugar  of  Lead,  and  Salt  of  j^^^^^^^^ 
Saturn  of  the  old  chemists  :  it  may  be  regarded  as  the  most  ^'''^' 
important  of  the  acetates;  it  is  used  in  pharmacy,  and  by  dyers 
and  calico-printers  for  the  preparation  of  acetate  of  alumina  and 
of  iron,  which  are  formed  by  mixing  its  solution  with  that  of 
the  sulphates  of  those  metals,  an  insoluble  sulphate  of  lead 
being  at  the  same  time  produced.  Acetate  of  lead  is  formed 
by  digesting  the  carbonate  in  distilled  vinegar,  or  in  the  acetic 
acid  obtained  by  the  destructive  distillation  of  wood  ;  it  usually 
occurs  in  masses  composed  of  acicular  crystals ;  but  by  careful 
crystallization  it  may  be  obtained  in  quadrangular  prisms.  Its 
taste  is  sweet  and  astringent,  and  it  is  soluble  in  about  four 
parts  of  water  at  60^.  It  is  sometimes  improperly  termed  a 
svperaeetatey  but  the  salt  is  neutral,  though  when  dissolved  in 
water  containing  the  smallest  portion  of  carbonic  acid,  a  white 
insoluble  compound  of  lead  falls,  and  a  little,  acetic  acid  being 
liberdted,  the  solution  is  rendered  sour. 

Carbonic  acid  passed  through  a  solution  of  acetate  of  lead, 
precipitates,  according  to  Mr  James  South,  exactly  half  the 
quantity  of  the  oxide  which  the  salt  contains  ;  hence  a  binace- 
tate  is  probably  formed  which  however  does  not  afford  crys- 
tals. 

According  to  the  experiments  of  Berzelius,  acetate  of  lead 
consists  of 

Acetic  acid       S6,45 

Protoxide  of  lead 59.^5 

Water 14,30  Compw.t..^. 

100 

hence  the  dry  acetate  is  composed  of 

1  proportional  of  Hcetic  acid •     50,  , 

1  ■    yellow  oxide  of  lead     •     .     •     .112, 

162 

When  acetate  of  lead  is  submitted  to  destructive  distillation 
it  furnishes  a  considerable  quantity  of  a  peculiar  fluid,  smelling 
and  burning  like  alcohol.t — Proust,  Journal  de  Physique, 
Tom.  Ivi. 

*I>iM«(«««.T — For  a  dMcription  aod  aoalyui  of  Um  accUtet  of  (»pper  mo  Thomion**  Firtt 
pUs,  ii.  S89. 


t  Dr  Tbomtoa  ku  icKriktd  Mrenl  acetaict  of  lead,  for  ao  accanat  of  wbich  m>«  First  Prtncipt>t, 
vol.  ii. 
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2099.  When  100  parts  oT  sui^r  of  lead  are  boiled  in  walet 
with  about  150  of  yellow  oxide,  or  of  finely  powdered  lithargt, 
a  salt  is  obtained  which  crystallizes  in  plates,  and  is  less  sweet 
and  soluble  than  the  acetate  ;  it  has  been  termed  subacetalt  of 
lead,  and  consists  according  to  Berzeliiis  of  1  proportional  of 
acid  =  50  +  3  proportionais  of  oxide  of  leau  336.  This  com- 
pound has  long  been  used  in  pharmacy,  under  the  name  ol 
Goulard's  extract  of  lead.     It  is  very  rapidly  precipitated  by 

'  carbonic  acid,  of  which  it  is  a  most  delicate  test ;  it  also  has  a 
Btrona;  attraction  for  vegetable  colouring  matter,  upon  which 
principle  Mr  Brande  employed  it  in  his  analysis  of  wioes.* — 
Phil.  Trans.  1613. 

2100.  Acetate  of  Mercury.  Prolacelate  of  Mercury  is 
most  readily  formed  by  mixing  a  solution  of  protonitrate  of 
mercury  with  acetate  of  potassa.  For  this  purpose  dissolve 
three  ounces  of  mercury  in  about  four  ounces  and  a  half  of  cold 
nitric  acid,  ami  mix  this  solution  with  three  ounces  of  acetate 
of  potassa  previously  dissolved  in  eight  pints  of  boilin|;  water, 
nnd  set  the  whole  aside  to  crystallize,  which  takes  place  as  the 
liquor  cools,  and  the  acetate  of  mercury  then  separates  in  the 
form  of  micaceous  crystalline  plates,  which  arc  to  be  washed  in 
cold  water,  and  dried  on  blotting  paper.t  la  preparing  ibis 
■alt,  the  quantity  of  water  for  dissolving  Hie  acetate  need  not 
be  so  large  as  above  directed,  one  pint  being  sufficient,  but  tl  is 
necessary,  to  pour  the  mercurial  solution  into  the  acetate.  This 
salt  has  an  acrid  taste,  and  is  very  diiHcullly  soluble  in  water, 
requiring  according  to  Braconnot,:t  600  parts  of  water.  It  is 
insoluble  in  alcohol.     It  was  one  used  in  medicine. § 

2101.  Acetate  of  Alumina.  This  salt  is  extensively  em- 
ployed by  calico-printers  as  a  mordant  or  basis  for  fixing  od- 
ours ;  they  produce  it  by  mixing  solutions  of  alum  and  acetate 
of  lead  :  about  three  pounds  of  alum  are  dissolved  ia  eight  git- 
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ions  of  water  and  a  pound  and  a  half  of  sugar  of  lead  stirred 
into  it ;  a  copious  formation  of  sulphate  of  lead  ensues  which  is 
allowed  to  subside,  and  the  clean  liquor  holding  acetate  of 
alumina  and  a  portion  of  undecomposed  alum  in  solution,  is  then 
drawn  off,  a  portion  of  pearlash  and  chalk  being  added  to  it 
previous  to  use,  in  order  to  saturate  any  excess  of  acid. 

Acetate  of  alumina,  formed  by  digesting  recently  precipi- 
tated alumina  in  acetic  acid,  may  be  procured  in  deliquescent 
acicular  crystals  of  an  astringent  taste,  and  containing,  according 
to  Richter,  73,81  acid-|-  26,19  alumina:  hence  it  is  probably  a 
Unaeeiaie. 

2102.  When  acetic  acid  and  alcohol  are  repeatedly  distilled  to- 
gether, a  portion  of  acetic  ether  is  formed,  which  has  a  peculiar  AetUetthtft. 
and  agreeable  taste  and  smell,  and  a  specific  sravity  of  about  ,860 
at  60^.  It  boiis  at  about  160^,  is  highly  inflammable,  and  emits 
acetic  acid  among  its  products  of  combustion.  This  ether  is 
directed  in  some  of  the  foreign  Pharmacopceie  for  medical  use, 
and  the  following  is  perhaps  the  best  process  for  its  production. 
Introduce  into  a  tubulated  retort  3  parts  of  acetate  of  potassa, 
8  of  alcohol,  and  2  of  sulphuric  acid,  and  distil  to  dryness.  To. 
the  product  add  one-fifth  its  weight  of  sulphuric  acid,  and  draw 
off  by  a  gentle,  heat  a  quantity  of  ether  equal  to  that  of  the 
alcohol  originally  employed. 

Acetic  ether  is  much  more  soluble  in  water  than  sulphurie 
ether :  according  to  M.  Thenard,  water  at  60^  dissolves  about 
a  7,5-  part  of  its  weight,  and  the  solution  is  p^onanent.  Caustic 
potassa  decomposes  it,  and  forms  acetate  of  porkssa. 

Oxalic,  citric,  tartaric,  and  benzoic  acids  have  been  employ* 
ed  in  the  formation  of  ethers;  the  presence  of  a  mineral  acid  is 
indispensable  to  their  formation.* 


CHAPTER  VIII. 

OF  ANIMAI.   S0BSTA1ICE8. 

2103.  The  different  sections  of  this  chapter  will  contain  an 
account  of  the  ultimate  and  proximate  principles  of  the  substan- 
ces belonging  to  the  animal  creation,  of  the  diflbrent  methods 
of  analysis  by  which  these  principles  are  obtained,  and  of  such 
of  the  animal  functions  as  are  concerned  in  their  production, 
where  these  are  susceptible  of  chemical  elucidation. 

♦  U«»i  Dieti^nmry,  Art.  FAher. 
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Section  I.     Of  the  ullimate  Principles  of  Animal  Mntler, 
and  of  the  products  of  ils  destructive  Distillation. 

2104.  The  proximate  priaclples  of  the  animal  creation  con- 
sist, like  those  of  vegetables,  of  a  Tew  elementary  substances, 
which  by  combinalion  in  various  proportions,  give  rise  to  Ihtir 
numerous  varieties.  Carbon,  hydroseo,  oxygen,  and  aitro^n, 
arc  the  principal  ultimate  elements  ofanimal  matter  ;  and  phos- 
phorus and  sulphur  are  also  often  contained  in  it.  The  presence 
of  nitrogen  conslilutes  the  most  striking  peculiarity  of  animal, 
compared  with  vegetable  bodies  ;  but  as  some  ve^lables  contain 
nilro^n  so  there  are  also  certain  animal  principles, into  the  com- 
position of  which  it  docs  not  enter. 

3105,  The  presence  of  nitrogen  stamps  a  peculiarity  upon 
the  products  obtained  by  the  destructive  distillation  of  animal 
matter,  and  which  are  cliaracterized  by  the  presence  of  ammo- 
nia, formed  by  the  union  of  the  hydrogen  with  the  nitrogen. 
It  is  some_times  so  abundantly  generated  as  to  be  the  leading 
product ;  thus,  when  horn,  hoofs,  or  bones,  are  distilled  per  te, 
a  quantity  of  solid  carbonate  of  ammonia,  and  of  the  same  sub^ 
Blance  combined  with  cmpyrcumatic  oil,  and  dissolved  in 
water,  are  obtained;  hence  the  pharmaceutical  preparations 
called  spirit  and  salt  of  hartshorn,  and  Dippel's  animai  oil. 
Occasionally  the  acetic,  benzoic,  and  some  other  acids  are 
formed  by  the  operation  of  heat  on  animal  bodies,  and  these 
are  found  united  to  the  ammonia;  cyanogen  and  hydrocyaaic 
acid  also  frequently  occur. 

If  the  gas  evolved  during  the  decomposition  of  animal  bodies 
be  examined,  it  is  generally  iudumm^ble,  ami  consists  of  carbu- 
retted  hydrogen,  often  with  a  little  sulphuretted  and  phosphu- 
retted  hydrogen  ;  carbonic  oxide,  carbonic  acid,  and  nitrogen, 
arc  also  sometimes  detected  in  it. 

The  coal  remaining  in  the  retort  is  commonly  very  difficult 
of  incineration,  a  circumstance  depending  upon  the  common 
salt  and  phosphate  of  lime,  vk^hich  it  usually  contains,  forming 
a  glaze  upon  its  surface  which  defends  the  carbon  from  the 
action  of  the  air.  Animal  cimrcoal  is  also  found  to  be  more 
effectual  in  destroying  colour  and  smell,  than  that  obtained  from 
^  vegetables. 

2106.  By  the  term  putrefaction  we  mean  the  changes 
which  dead  animal  matter  undergoes,  and  by  which  it  is  slowly 
resolved  into  hew  pro'lucts.  These  changes  rccjuire  a  due 
temperature,  and  the  presence  of  moisture;  for  beloiv  the 
freezing  point  of  water,  or  when  perfectly  dry,  it  undergoes  no 
allcralion. 

During  putrefaction  the  parts  become  soft  and  flabby,  they 
change  in   colour,  exhale  a  nauseous   aiul   disgusting    odour, 
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dimiDish  considerably  in  weight,  and  afford  several  new  pro- 
ducts, some  of  which  escape  in  a  gaseous  form,  others  run  off  in 
a  liquid  state,  and  others  are  contained  in  the  fatty,  or  earthy 
residuum. 

The  presence  of  air,  though  not  necessary  to  putrefaction, 
materially  accelerates  it,  and  those  gisei  which  contain  no  oxy- 
gen, are  very  efficient  in  checking  or  altogether  preventing  the  ^»*'*«p*»<^*- 
process.  Carbonic  acid  also  remarkably  retards  putrefaction ; 
and  if  boiled  meat  be  carefully  confined  in  vessels  containing 
that  gas,  it  remains  for  a  very  long  time  unchanged,  as  seen  in 
M.  Appert's  method  of  preserving  meat. 

There  are  several  substances  which,  by  forming  new  combi- 
Bations  with  animal  matter,  retard  or  prevent  putrefaction, 
such  as  many  of  the  saline  and  metallic  compounds;    sugar,  ** 

alcohol,  volatile  oils,  acetic  acid,  and  many  other  vegetable  sub- 
stances also  stand  in  the  list  of  anti-putrefactives,  though  their 
mode  of  operating  is  by  no  means  understood. 

2107.  The  effluvia  which  arise  from  putrescent  substances, 
and  more  especially  those  generated  in  certain  putrid  disorders,  ettuVu^ 
have  a  tendency  to  create  peculiar  diseases,  or  to  give  the  living 
body  a  tendency  to  produce  poisons  analogous  to  themselves. 

An  atmosphere  thus  tainted  by  infectious  matter,  may  be  ren-  ^coi^Atio"- 
dered  harmless  by  fumigation  with  the  volatile  acids,  more 
especially  the  nitrous  and  the  muriatic ;  chlorine  is  also  very 
'effectual :  the  vapour  of  vinegar,  though  sometimes  useful  in 
covering  a  bad  smell,  is  not  to  be  relied  on.  It  appears  evident 
that  the  acid  and  chlorine  act  chemically  upon  the  pernicious 
matter,  and  resolve  it  into  innocuous  principles. 

2108.  When  muscular  flesh  is  immersed  in  a  stream  of  run- 
ning water,  it  is  partially^  converted   into  a  substance  having  Adipoc«re. 
many  of  the  properties  of  fat  combined  with  a  portion  of  am- 
monia.    The  same  changes   have  been  observed  where  large 
masses  of  putrefying  animal  matter  have  been  heaped  together, 

or  where  water  has  had  occasional  access  to  it.  Nitrate  of 
ammonia  is  also  sometimes  formed  under  the  same  circum- 
stances. 

2109.  Instead  of  considering  the  proximate  principles  of 
animals  under  separate  sections,  as  has  been  done  in  regard  to 
vegetable  bodies  they  may  be  made  known  under  the  heads  of 
those  substances  in  which  they  occur,  the  principal  of  which 
are  the  following: 


1.  Blood.  Atbamen.  Colouring  Matter. 

2.  Milk.    Sugar  of  Milk. 

3.  Bile.     Renin  of  Bile. 

4.  Lymph.   Mucut.    Synovia,  Pat,  &c. 

5.  Urine.    Urea.    Urinary  Calculi. 


6.  Skin.     Membrane. 

7.  Muscle.  Ligament.  Horn.  Hair. 

8.  Fat.     Spermaceti,  Sec, 

9.  Cerebral  subftance. 
10.  Shell  and  Bone. 


!M» 


Section  II.     Of  the   Blood. 

S110.  In  Ihc  higher  orders  of  animals  the  blooil  is  of  a  red 
colour,  florid  in  Ihe  arteries,  and  dingy  ifl  the  veins.  The 
specific  gravity  of  hiiman  blood  is  liable  to  some  variation.  I 
have  found  it  as  low  as  1 ,050  and  as  high  as  1 ,070,  but  am  iins- 
hle  lo  refer  to  any  circumstances  which  might  be  considered  a 
the  cause  of  thisdifference.     (Hrande.) 

When  blood  is  drawn  from  its  vessels  in  the  living  antmal.it 
soon  concretes  into  a  jelly-like  mass,  which  afterwards  gradually 
separates  into  a  fluid  serum,  of  a  pale  straw  colour,  and  a  coag- 
ulated crnssamentum  or  cruor,  which  is  red.  The  cause  of 
this  coagulation  is  quite  unknown. 
it  2111.  The  specific  gravity  of  the  serum  of  the  blood,  is  upon 
an  average  1,030.  It  reddens  the  yellow  of  turmeric,  and 
changes  the  blue  of  violets  to  green,  a  property  derived  from  a 
portion  of  soda.  At  a  temperature  of  160°,  it  becomes  a  firm 
yellowish  white  coagulum,  resembling  in  appearance  and  prop- 
eriies  the  coagulaled  white  of  egg,  and,  as  the  principle  to 
»-hich  this  property  is  owing  is  the  same  in  both  substances,  it 
has  been  called  albumen.  Alcohol,  and  many  of  the  acids,  aln 
occasion  the  coagulation  of  the  serum  of  blood. 

100  parts  of  human  scrum  contain  between  eight  and  iHbI 
parts  of  albumen,  rather  less  than  one  part  of  carbonate  ofsodti 
and  about  the  same  quantity  of  common  salt,  the  remaining  M 
parts  being  water.  These  at  least  are  the  proportions  whiti 
Mr  Brande's  experiments  lead  him  to  believe  correct;  hut  (be 
analysis  is  involved  in  so  much  difficulty  that  he  considen 
the  results  only  as  approximating  to  the  truth;  indeed  it  b 
probable  that  the  composition  of  the  serum  is  liable  to  moefc 
variation.* 

2113.  .Albumen,  which  constitutes  a  leading  ingredient  ii 
the  serum,  and  which  we  shall  presently  find  also  in  the  crtior, 
is  a  very  important  animal  principle,  and  is  found  in  the  greater 
number  of  animal  fluids  and  solids. 

Liquid  ./Albumen  is  soluble  in  water,  and  always  contains  c 
notable  portion  of  soda,  indicated  by  it)  action  on  vegeUhb 

•  Dr  Mirrrl  .od  Bcneliui  h>r<  ocb  gi^tn  u  uilfiU  nl  llie  iFium  nllnilllli  bloo^,  Uk  ralls>il« 
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colours.  It  is  eoa^Uled  bj  hett,  acids,  and  alcohol,  unless  it 
be  considerablj  diluted  with  water,  io  which  case  a  portion 
separates  in  the  form  of  white  flakes  after  some  hours'  stand- 
ing. Solution  of  corrosive  sublimate,  added  to  albumen,  \try 
much  diluted,  produces  a  cloudiness,  and  hence  it  is  a  useful 
test  of  albumen.*  It  is  also  instantly  coagulated  by  Voltaic  ro«ruiato4 
electricity  ;  and  if  two  platinum  wires  connected  with  a  small  cLukiiy 
iMttery  be  immersed  into  a  diluted  albumen,  it  will  cause  a  very 
rapid  coagulation  at  the  negative  pole,  and  scarcely  any  efiect  at 
the  positive  pole.  This  circumstance  induced  Mr  Brande  to 
attribute  the  coagulation  to  the  removal  of  the  alkali,  by  alcohol^ 
and  by  acids  ;  but  how  heat  operates  is  not  very  obvious,  un- 
less we  be  allowed  to  consider  it  as  efiecting  a  kind  of  decom* 
position  of  the  liquid  albumen.  We  might  thus  consider  liquid 
albumen  as  a  compound  of  albumen  and  soda  dissolved  in 
water :  the  effect  of  heat  would  then  be  to  transfer  the  soda  to 
the  water,  and  thus  occasion  a  coagulation ;  and  a  solution  of 
soda  is  always  found  oozing  from  coagulated  serum,  and  has 
sometimes  been  called  aero9t7y ;  in  time  it  re-acts  upon  the 
•oagulum,  and  dissolves  a  portion  of  it. 

2113.  When  albumen  is  dried  in  a  moderate  heat,  it  ahrinks  KSM>t«f 
and  becomes  brown  and  semi-transparent,  resembling  horn  in  ^<^^ 
appearance  and  properties.  In  this  state  it  scarcely  dissolves 
in  boiling  water,  though  it  gradually  softens  ;  it  is  not  prone  to 
decomposition  ;  it  dissolves  in  the  alkalies,  a  portion  of  ammonia 
being  evolved  and  a  saponaceous  compound  formed.  Dilute 
nitric  acid  converts  it  into  a  substance  having  the  properties  of 
gelatine.t 

By  destructive  distillation  albumen  furnishes  a  variety  of  Pf«a«ctt«# 
products  characterized  by  the  presence  of  a  large  proportion  of 
ammonia.    According  to  Gay-Lussac  and  Thenard,  {Stcherches 
Phyaicfhchymiques)  its  ultimate  constituents  are 

Carbon 69,883 

Oxjfren 23,879 

Hydrogen 7,640 

Nitrogeo 16,706 

100,000 

S114.  When  the  coagulum  of  the  blood  is  carefully  washed 
under  a  small  stream  of  water,  the  colouring  matter  is  gradually  Fibria. 
dissolved,  and  washed  out  of  it,  and  a  white  fibrous  substance 
remains,  which  has  been  termed  Jibrina  or  eoagulable  fymph, 
but  of  which  the  chemical  properties  are  those  of  albumen. 

It  sometimes  happens,  when  the  blood  is  long  in  coagulating, 
as  in  certain  inflammatory  diseases,  that  a  portion  of  this  albu- 
men is  left  without  the  colouring  matter,  forming  what  has 
been  called  the  buffy  coat  of  blood  ;  in  this  case  it  is  so  tough  Baflyoott. 
as  to  admit  of  being  removed  from  the  coloured  portioui  and 
when  dried,  shrinks  up,  and  appears  exactly  like  horn. 

•  Bortock,  NicholwD*t  JcummU  sir.  f  Hfttchctt,  PkU.  Trmu.  ICOO. 
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Allhough  the  cause  of  llie  spontaneous  coagulatioi 
be  unknown,  the  process  consists  in  a  portion  of  the  aioumn 
separating  in  a  solid  form  along  with  the  colouring  matter,  while 
another  portion  remains  dissolved  in  the  serum  ;  this  effect  '» 
somewhat  analogous  to  the  crystallization  of  a  saline  soluiioD, 
in  which  one  portion  of  the  lalt  separates,  while  another  re- 

2115.  The  colour  of  the  blood  has  penerally  been  referred  lo 
small  globules  of  a  red  colour,  which  by  the  aid  of  the  micro- 
scope may  be  discerned  ip  it ;  and  it  was  supposed  that  these 
globules  arc  soluble  in  water.  But  it  has  been  shown  by  Dr 
Young,  that  this  is  not  ihe  rase,  and  that  the  effect  of  water  is 
to  dissolve  the  colouring  mailer  only,  leaving  the  globule  per- 
fectly colourless :  in  this  stale  (he  globular  particles  have  llie 
properties  of  albumen.  The  diameicr  of  globules  in  humaa 
blood  varies  from  j^V*  to  j^sn  of  an  inch.' 

Thf  colouring  matter  of  the  blood  can  scarcely  be  obtained 
free  from  other  substances.  By  stirring  it  during  coagulation, 
a  considerable  portion  is  iHITused  through  the  serum  from  which 
it  afterwards  siihsiclcs.  Vau(|uc[in  advises  the  digestion  of  the 
coagulum,  drained  of  serum,  in  diluie  sulphuric  acid,  at  a  tem- 
perature of  160°.  The  liquid,  filtered  while  hot,  is  to  be  evap- 
orated to  half  its  bulk,  and  nearly  saturated  witfi  ammonia ;  the 
colouring  matter  falls,  and  is  to  be  washed  and  dried. t  We 
must  not,  however,  trust  animal  principles  lo  these  complex 
operations ;  and  there  can  be  little  doubt  that  the  colouring 
principle  has  undergone  some  change  in  M.  Vauquelin's  pro- 
cess. 

The  chemical  properties  of  the  colouring  matter  of  the  blood 
show  that  it  is  a  peculinr  animal  principle.  It  is  soluble  in  cold 
water,  and  the  solution,  when  boiled,  deposits  a  brown  sedi-. 
ment  of  altered  colouring  matter.  Muriatic,  dilute  sulphuric, 
and  several  of  the  vegetable  acids,  and  the  caustic  and  carbon- 
ated alkalies,  readily  dissolve  the  colouring  matter,  and  form 
solutions  of  diSereni  tints  of  red,  and  of  a  peculiar  greenish  hue 
when  viewed  by  transmitted  light.  Nitric  acid  instantly  ren- 
ders these  solutions  brown,  and  decomposes  the  red  principle. 
These  experiments,  of  which  a  detailed  account  is  given  io 
the  Philosophical  Transactions  for  1812,  led  Prof.  Brande  lo 
regard  the  colouring  matter  of  the  blood  as  a  distinct  proximate 
principle  of  animal  mailer,  perfectly  independent  of  tlie  pre- 
sence of  iron,  to  which  its  peculiarities  were  at  one  lime  refer- 
red by  M.  M.  Fourcroy  and  Vauquelin  ;  and  the  latter  of  these 
chemists  has  more  lately  verified  Prof.  Brande's  conclusions  in 
the  above-quoted  memoir.  Berzelius,  whose  labours  in  animal 
chemistry  are  so  extended  and  well   known,   has,  however, 
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obtained  different  results;  he  finds  the  crassamcntum  of  the 
blood  to  consist  of 

Composition 

Colouring  matter 64  ofthccreMa- 

Fibrin  and  albumen 36  memun.. 


100 


The  colouring  matter^  when  incinerated,  affords  a  residue, 
consisting  of 

Colonrirtf 

.Glide  of  iron 60,0  "*"«'^- 

Spbpbo^phate  of  iron      ....••  7,5 

Phosphate  of  lime  with  magnesia  .     .    .  6,0 

Lime 20,0 

Carbonic  acid  and  lost 16,5 

100,0  • 

The  iron  appears  to  be  regarded  by  Berzelius  as  contributing 
to  the  red  colour  of  the  blood,*  a  conclusfon  which  Prof. 
Brande's  experiments,  detailed  in  the  paper  already  quoted, 
by  no  means  warrant,  and  which  is  also  at  variance  with  the 
opinion  of  M.  Vauquelin. 

2116.  Besides  the  principles  now  enumerated,  and   which  bjoo^J  «•"- 
may  be  considered  as  essential  to  the  blood,  it  often  contains  ^cn. 
carbonic  acid,  which  escapes  when  the  blood  is  gently  heated, 
or  placed  under  the  exhausted  receiver  of  the  air-pump. 

Experiments  on  the  blood,  in  different  diseases,  have  thrown 
no  light  whatever  on  their  nature,  nor  have  any  material  differ- 
ences been  found  in  the  blood  of  the  same  animal  at  different 
periods,  or  in  that  of  different  animals  of  the  same  class. 


Section  III.     Milk. 

2117.  The  chemical  properties  of  this,  secretion  differ  some- 
what in  different  animals.  The  milk  of  the  cow  has  been  most 
attentively  examined,  and  it  has  the  following  properties  : 

It  is  nearly  opaque  ;  white,  or  slightly  yellow  ;  of  an  agree-  Prorcnirs 
able  sweetish  taste,  and  a  peculiar  smell.  Its  specific  gravity 
varies  from  1018  to  1020.  It  boils  at  a  temperature  a  little 
above  that  of  water,  and  freezes  at  32°.  When  allowed  to  re- 
main  a  few  hours  at  rest,  a  thick  unctuous  liquid  collects  upon 
its  surface  called  cream  ;  the  colour  of  the  remaining  milk  be- 
comes bluish  white  and  when  beated  to  about  100°  with  a  little 
rennetf  it  readily  separates  into  a  coagulum  or  ctird^  and  a 
serum  or  whey.  In  this  way  the  three  principal  constituents 
of  milk  are  separable  from  each  other. 


*  TliosiMo,  $yatem,  toI,  Ir.  p*  SOl. 


RIUCIC    ACID. 

SI  18.  By  the  process  of  churning,  cream  is  separated  into 
butler,  and  butler-viilk,  the  laUer  being  the  whey  uniied  Id  i 
portion  of  curd.' 

Bultcr  may  be  considered  as  an  animal  oil,  containing  a  small 
portion  of  curd  and  whey,  ll  liquefies  at  about  9S°,  and  by 
this  process  ihe  impurities  are  separated,  and  it  remains  a  longer 
time  without  becoming  rancid. 

2119.  The  curd  of  milk  has  the  leading  properties  of  coagu- 
lated albumen,  and,  like  that  principle,  is  coa<:ulable  by  alcohol 
and  acids,  and  is  also  similarly  affected  by  Voltaic  electricity; 
heat  slowly  produces  the  same  effect,  and  by  boiling  milk,  the 

"-         albumen  separates  in  successive  films. 

2120.  Curd,  in  combination  vvitli  various  proportions  of  but- 
(    ter,    constitutes    the   varieties   of  cheese ;    that   containing  the 

largest  quantity  of  oil  becomes  semi-fluid  when  healed  ;  it  i« 
prone  to  decomposition,  and  a  large  quantity  of  ammonia  is 
then  formed  in  it ;  whereas  bad  cheese,  which  consists  of  lillle 
else  than  curd  or  albumen,  shrinks  and  dries  when  heated,  curl- 
,.  iug  up  like  a  piece  of  horn, 

3121.  JVhey  is  a  transparent  fluid  of  a  pale  yellow  colour  ind 
n  sweetish  flavour  \  by  evaporation  it  affords  a  minute  quintity 
cCnUic.  of  saline  matter,  and  a  considerable  portion  of  sugar  of  milk. 

2122.  Sugar  of  Milk  may  be  obtained  in  white  rhomboidal 
crystals,  of  a  sweet  taste,  and  soluble  in  seven  parts  of  water  at 
60°,  but  insoluble  in  alcohol.  When  eii|>osed  to  heat,  it  affords 
nearly  the  same  products  as  common  sugar.  It  consists,  accord- 
ing to  Berzelius,  when  deprived  of  water,  of 

Carbnn 45.«7 

OijtEcn 4»,34S 

IJjdrogeti 6,385 

100,000 

«*''■  8123.  When  sugar  of  milk  is  treated  with  nitric  acid,  it 
affords  a  peculiai-  acid,  similar  to  that  above- mentioned,  u 
obtained  from  gum  (1785).  To  procure  this  acid,  one  part  of 
powdered  gum  arable  may  be  digested  in  two  of  nitric  uid, 
in  a  moderate  heat ;  as  soo[i  as  effervescence  cooimetices,  set 
the  flask  in  a  cool  place,  and  a  quantity  of  white  powder  sub- 
sides, which  is  to  be  collected  upon  a  Alter,  digested  in  dilute 
nitric  acid  to  separate  oxalate  of  lime,  and  subsequently  purified 

•cij.  by  boiling  water,  which  deposits  the  mucic  or  aaclactic  acid 
ou  cooling.  If  sugar  of  milk  be  used  inste.id  of  gum,  it  is  ot 
tained  pure  by  the  first  operation.  This  acid  ia  not  crystalliu- 
ble,  and  is  sparingly  soluble  in  water,  requiring  60  parts  at 
21S°,  and  is  deposited  as  the  solution  cools,  ia  the  form  of  ■ 
white  gritty  powder,  of  a  slightly  acid  taste.     It  combines  wilh 


the  metallic  oxides,  and  forms  a  class  of  sails  called  saccholales. 
ll  consists,  according  to  Beizelius,*  of 

Carboti 33,430 

Oxj^en 61,4RS 

Hjrdrogen 5,105 

100,000 

2124.  The  saccholales,  or  saclactates,  have  scarcely  been  , 
examined.     With  ammonia,  polassa,  and  soda,  this  ncid  forms  " 
crystal lizahle  compounds,    more  soluble   than    the    acid.     The 
saclactales  of  lime,  baryta,  and  strontta,  are  insoluble,  as  are 
those  of  silver,  mercury,  and  lead. 

2125.  When  milk  or  whey  are  exposed  to  a  temperature  be- 
tween 60"  and  80°,  they  undergo  a  spontaneous  change,  attend- 
ed by  the  production  of  an  acid,  which  was  originally  examined 
by  Scheele,  and  has  been  termed  lactic  acid.  Fourcroy  and  i 
Vauquclin  have  shown  reason  to  suspect  its  peculiar  nature,  and 
were  led  to  regard  it  as  identical  with  the  acelic  acid.  Berze- 
lius  has  more  recently  revived  the  opinion  of  Scheele,  but  Prof. 
Brande  is  Induced  from  his  own  experiments  to  believe,  that 
if  it  be  not  the  acetic  acid  originally,  it  becomes  so  by  combi- 
nation with  a  base,  and  subsequent  separation  by  sulphuric  acid. 

2126.  In  some  cases  whey  may  be  made  to  undergo  vinous 
fermentation  ;  and  the  Tartars,  it  is  said,  prepare  a  kind  of  wine 
from  the  whey  of  mare's  milk,  which  they  call  Kotimiss.f         ^ 
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Sectios  IV.    Bile. 

2127.   This  secretion  is  formed  in  the  liver,  from  venous  p„„rti«- 
blood.     It  is  an  unctuous  liquid,  of  a  yellowish  green  colour, 
and  its  specific  gravity  is  between  1020  and  1030.    Its  laste  is 
intensely  bitter,  and  it  readily  putrefies,  exhaling  a  most  nause- 
ous odour. 

212S.  When  the  bile  of  the  ox  is  distilled,  it  affords  about  90 
per  cent,  of  insipid  water  ;  the  residuum  is  brown,  bitter,  and 
may  be  re-dissolved  in  water  ;  it  affords  traces  of  uncombined 
alkali,  which  appears  to  be  soda.  The  acids  render  bile  turbid, 
and  separate  from  it  a  substance  which  possesses  many  of  the 
properties  of  albumen.  It  is  likewise  coagulated  by  alcohol, 
and  upon  filtering  off  the  clear  liquor  and  evaporating  it,  an  in- 
flammable fusible  substance  is  obtained,  of  an  intensely  bitter 
flavour,  combined  with  a  portion  of  soda  and  common  salt :  this 
has  been  termed  the  resin  of  bile,  and  appears  to  be  the  prin-  R«>inofbii 
eiple  which  confers  upon  it  its  chief  peculiarities.  We  should, 
therefore,  conclude,  as  the  result  of  these  observations,  that  bite 
consists  of  water,  albumen,  soda,  a  bitter  resin,  and  same  minute 
portions  of  saline  matter. 

■  Auub  or  PMLiMpby.  i«l.  I.  ■  F.d<<i).i.rth  Fbll.  Tiau  thI.  iL 
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S1S9.  Thenard  separaled  Trom  bile  a  peculiar  substaace, 
which  he  has  termed  picromel ;  but  the  process  by  which  be 
obtained  it  is  so  complex,  that  it  is  doubtful  whether  it  be  a 
product  or  an  educl. 

21 30.  Biliary  Calculi  nro  of  two  kinds ;  those  which  most 
commonly  occur,  arc  soft,  fusible,  and  of  a  crystalline  texture, 
and  inflammable.  They  have  generally  been  considered  as 
closely  resembling  spermaceti  ;  tliey  are  soluble  in  boiiing  alco- 
hol, in  elher,  and  difficultly  in  oil  of  turpentine.  Chevreui, 
having  remarked  some  peculiarities  in  this  substance,  is  induced 
to  regard  it  as  a  peculiar  animal  principle,  and  distinguishes  tt 

I,  by  the  name  of  ckoleslerine, 

2131.  Chotestcrine  is  fusible  at  280",  and  on  cooling  con- 
cretes into  a  crystalline  mass;  rapidly  heated  to  about  400°  it 
evaporates  in  dense  smoke  ;  it  is  insoluble  in  water,  and  nearly 
so  in  cold  alcohol  ;  boiling  alcohol  dissolves  about  ^\  its  weigliL 
It  is  soluble  Jn  nitric  acid  ;  but  not  convertible  into  soap  by  ibe 
alkalies. 

3132.  The  other  kind  of  biliary  calculus  resembles  inspissated 
bile  in  appearance,  but  diSers  from  it  in  being  insoluble  in  alco- 
hol and  water.  It  is  often  mixed  with  variable  proportioos  of 
tlie  former,  constituting  biliary  calculi  of  intermediate  chanc- 
lers. 

2133.  The  gall-stone  of  the  ox  is  nearly  insoluble  in  ivater 
and  alcohol,  and  appears  to  consist  chiefly  of  Ihc  yellow  matter 
of  bile  ;  painters  sometimes  use  it  as  a  yellow  pignnent. 


Sectios  V.     Lymph,  Mucus,  Pus,  Sfc. 

2134.  The  liquid  which  lubricates  the  different  cavities  ol 
the  body,  which  is  contained  in  the  lymphatics,  and  which 
occasionally  forms  the  chief  contents  of  the  thoracic  duct,  has 
been  termed  lymph.  It  is  colourless,  transparent,  loisciblein 
all  proportions    with   water,  docs  not  affect  vegetable  blues,  is 


noi  coagulated  by  acids  or  alcohol,  but  only  rendered  slightly 

turbid  by  the  latter.     ''    """"    """     "'  '""      ■" 

solution  of  albumen. 


turbid  by  the  latter.     It  baa   the   cliaracters  of  a   very  WM 


The  fluid  which  collects  in  cases  of  dropsy  and  in  vesica- 
tions is  of  a  similar  nature,  but  the  proportion  of  albumaa 
is  liable  to  variation,  and  hence  it  is  differently  influenced  kj 
tests  ;  when  very  rapidly  thrown  out  from  inflamed  surfaces,  it 
sometimes  furnishes  a  coogulum,  apparently  as  abundant  as  th^ 
of  the  serum  of  the  blood. 

2135.  The  term  mucus  has  sometimes  been  applied  to  tliese 
fluids  when  they  have  undergone  a  certain  degree  of  inspira- 
tion; at  other  times,  it  has  been  used  to  designate  a  y&ry  alka- 
line albuminous  fluid.  Dr  Bostock  has  pointed  out  some  cir- 
cumstance! in   which  mucua  differs  from  liquid  albumen,  aiHl 
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has  proposed  subacetate  of  lead  as  a  test  for  its  presence.*    But 
that  salt  is  so  easily  decomposed  by  many  vegetable  and  animal ' 
substances,  as  to  render  it  of  doubtful  efficacy  for  this  pur- 
pose. ,  S«liva. 

2136.  Saliva  consists,  according  to  Dr  Bostock,t  of 

Water 80 

Coagulated  albumen      ••••....  B 

Mucus 11 

Saline  subitancet 1 

100 

Prof.  Brande  found  that  it  was  copiously  coagulable  by  the 
action  of  Voltaic  electricity,  and  was  hence  induced  to  consider 
the  mucus  as  a  peculiar  albuminous  combination,  not  coagula- 
ble by  the  usual  means.]: 

2X^1  •  The  Pancreatic  juice  has  not  been  minutely  examin-  p,ncre»tic 
ed,  but  from  the  experiments  of  Dr  Fordyce,  it  would  appear  to  J">««* 
differ  little  from  saliva. 

2138.  Tears  contain  a  small  portion  of  albumen  combined  t«^, 
with  soda,  muriate  of  soda,  and  water.     There  are  also  small 
portions  of  other  salts. 

2139.  The  humours  of  the  eye.     The  aqueous  humour  is  Hamounjof 
'  composed  of  water  holding  a  minute  quantity  of  albumen  and  ^^^  ^y""' 

saline  matter  in  solution ;  the  crystalline  lens  also  contains 
more  than  half  its  weight  of  water,  the  remainder  being  an 
albuminous  substance  with  traces  of  muriates. 

2140.  Synovia  is  the  fluid  which  lubiicates  the, surfaces  of  synoria. 
joints.     It  contains,  according  to  Mr  Hatchett,§  a  small  por- 
tion of  phosphate  of  lime,  and  of  phosphate  of  soda  and  ammo- 
nia ;  the  animal  principle  appeared  to  be  albumen. 

2141.  Pus  is  a  term  applied  to  a  variety  of  secretions  from  p„^ 
abscesses  and  ulcerated  surfaces.  When  it  indicates  a  healing 
sore,  it  has  been  called  healthy  pus^  and  has  the  following 
properties.  It  had  the  consistency  of  cream,  a  yellowish  dol- 
our, and  exhibits,  under  the  microscope,  the  appearance  of 
globules  diffused  through  a  fluid.||  Its  specific  gravity  is  about 
1,030.  It  does  not  affect  vegetable  colours  till  it  has  been  some 
time  exposed  to  air,  when  it  becomes  slightly  sour;  it  does  not 
easily  mix  with  water,  alcohol,  or  dilute  acids.T 

2142.  Formic  acid,  or  acid  of  ants.  This  is  a  peculiar  acid  .^  . 
which  exists  in  the  red  ant ;  it  was  exaipihed  by  Fourcroy  and  '^"""^  '*^^ 
Vauquelin  who  inferred  that  it  is  merely  a  mixture  of  acetic 

and  malic  acids.  Dobereiner  has  formed  it  artificially,  by 
slightly  heating  bi-tartrate  of  potassa  or  tartaric  acid  with  black 
oxide  of  manganese.  A  great  quantity  of  carbonic  acid  escapes, 
and  a  sour  colourless  liquid   distils,  which  is  formic  acid.     It 

*  Niebolton*t  JoKmal,  Tol.  ix.  f  NicholM>n*i  JowniaZ,  vol.  sir. 

X  Phil.  Trmnt.  1809.  $  Phil.  Tram.  1799. 

Ij  Home,  On  UUen^  2  Edit.  p.  IS. 

*T  Sec  Dr  Pear*OB*i  JExptrimtnU  on  Pus,  Nicholioi)*s  Journal,  xxx> 


may  be  obtained  from  red  ants  by  infusing  Ihem  in  w«rm  wiler 
and  distillttioD.  It  is  regarded  as  a  secretion  and  as  cooslt- 
luted  of 

Curhoti r IS 

Oijgen 3 M 

lljdrogen !.■.■•.       1 


Or  as  constituted  of  1  volume  of  the  vapour  of  water  +  8  vol- 
umes of  carbonic  oxide  gas.*  Its  compounds  are  termed  Fer- 
miates. 

2143,  Caslorine  is  a  new  animal  principle  which  was  dis- 
covered by  M.  Bizio  in  Castor,  and  is  prepared  by  boiling  cas- 
tor in  6  times  its  weight  of  alcuhol  ;  the  filtered  liquor  ia  Kt 
aside  for  two  or  three  days,  when  castorine  is  deposited  in 
irregular  masses.  It  is  very  sparingly  soluble  in  water,  mote 
so  in  alcohol,  and  its  solution  in  the  latter  affords  prismatic  crj* 
tals  of  a  white  colour.  It  burns  with  a  brilliant  light,  ud 
appears  to  consist  of  carbon,  hydrogen  and  oxygen  alone. 


Skctios  VI,     Urine,  Urinary  Calculi,  S,-c. 

8144,  This  secretion  presents,  perhaps,  greater  diflGcnlties  to 
the  analytical  chemist,  than  any  other  animal  product;  it  is  ex- 
tremely complex,  and  subject  to  constant  change  in  the  propor- 
tions of  its  components,  and  in  disease  several  new  substances 
make  their  appearance. 

The  chemical  history  of  the  urine  is  of  the  utmost  importance 
to  the  medical  practitioner ;  it  teaches  the  nature  of  the  sub- 
stances which  occasionally  predominate,  so  as  to  constitute 
gravel  and  calculi;  and  shows  the  means  of  influencing  and 
modifying  its  composition. 

The  general  characters  of  the  urine  are  too  well  known  to 
need  description.  Its  specific  gravity  is  of  course  liable  to 
much  variation  even  in  the  healthy  state,  Hucluating  between 
1005  and  1040.     The  average  is  about  1020. 

3145.  The  substances  that  are  always  found  in  urine  are, 
according  to  Prof.  Brande's  experiments,  the  following :         ^^ 


I.  Water. 

X.  Carbonic  aciJ, 

3.  PliDrphoric  acidi 

4.  tjric  Dcid. 

5.  PhoipliBle  o(  lin 
S.  Phoiphgte  ot 


10.  Sulphite  at  loda. 


3146.  The  existence  of  free  acid  in  recently  voided  urine  is 
easily  demonstrated  by  its   property  of  reddening   vegetable 
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bhies,  and  it  perforins  the  important  office  of  retaining  some 
difficultly  soluble  salts  in  permanent  solution  ;  so  that  whenever 
this  natural  acidity  is  diminished,  the  urine  has  a  tendency  to 
deposit  the  earthy  phosphates. 

2147.  The  presence   of  carbonic  acid  may  be  shown  by  carbonic 
placing  urine  under  the  receiver  of  the  air-pump  ;  during  ex-  *'^**** 
haustion  it  escapes,  sometimes  copiously,  but  at  other  times  in 
minute  quantities  only. 

2148.  The  free  Phosphoric  acid  may  be  shown  by  the  addi-  ^^^SJ/'***"^ 
tion  of  carbonate  of  lime,  a  portion  of  which  is  converted  into 
phosphate  of  lime. 

2149.  Uric  add  is  one  of  the  peculiar  characteristics  of  the  uriemeia. 
urine ;  its  presence  may  be  shown  by  evaporating  urine  to  half 

its  bulk,  which  produces  a  precipitate  consisting  of  phosphate 
of  lime  and  uric  acid ;  the  former  may  be  dissolved  by  dilute 
muriatic  acid,  which  leaves  the  latter  in  the  form  of  a  reddish 
powder.  This  acid  has  been  very  ably  examined  by  Dr  Henr}', 
who  made  it  the  subject  of  a  thesis  published  in  1807  :  Dr 
Prout  has  also  given  much  valuable  information  in  ^relation 
to  it. 

Uric  acid,  called  sometimes  lithic  acid,  as'  constituting  the  How  obtain. 

1>rincipal  ingredient  in  certain  urinary  calculi,  may  be  abundant-  ***' 
y  obtained  by  digesting  such  calculi  (2163)  in  caustic  potassa, 
filtering  the  solution,  and  adding  excess  of  muriatic  acid,  which 
causes  a  precipitate  of  uric  acid,  which  is  to   be  washed  with 
warm  water,  and  dried. 

Uric  acid,  thus  obtained,  is  a  grey  powder,  of  scarcely  any  p^pertw*. 
taste,  and  requiring  according  to  Dr  Henry  1720  parts  of  water 
at  60^,  and  1150  parts  at  212^  for  solution.  It  reddens  infusion 
of  litmus,  and  readily  dissolves  iiv.cau8tic  potaspa,  and  soda ;  it 
is  sparingly  soluble  in  ammonia,  and  insoluble  in  the  alkaline 
carbonates. 

According  to  Dr  Prout,  uric  acid  requires  at  least  10000 
parts  of  water  at  60°  for  its  solution,  but  urate  of  ammonia 
requires  only  about  480  times  its  weight  at  the  same  tempera- 
ture, and  affords  a  precipitate  of  uric  acid,  on  the  addition  of 
any  other  acid  ;  for  these,  among  other  reasons,  Dr  Prout  re- 
gards urate  of  ammonia,  and  not  pure  uric  acid,  as  existing  in 
urine. 

2150.  Uric  acid  dissolves  in  nitric  acid,  and  upon  evapora- 
tion a  residuum  of  a  fine  red  tint  is  obtained,  which  is  pecu- 
liar to  t;his  combination,  and  which  Dr  Prout  has  lately  shown  p^     .^ 
to  possess  distinct  acid  properties ;  he  has  called  it  purpuric  •c*!?."'"^ 
acid.* 

2151.  When  uric  acid  is  submitted  to  destructive  distillation, 
it  affords  carbonate  of  ammonia,  and  a  peculiar  compound,  which 
sublimes  in  crystals,  and  which,  according  to  Dr  Henry,  con 
sists  of  a  peculiar  acid  united  to  ammonia  ;  a  quaqtity  of  char- 

•  Phil.  Tnst.  1819. 


coal  remains  in  the  reloit.     Its  ultimaic  consUtucnls,  aecording 
to  DrProut,  are 

1  praporlianal  of  nilrogei: 


rf  8152.  Phosphate  of  Limt  may  be  precipitated  from  urine  by 
the  addition  of  amtnonia  ;  its  relative  quantity  is  liable  to  much 
fluctuation ;  sometimes  it  becomes  so  great  as  lo  be  deposited  as 
the  urine  cools,  constituting  what  has  been  termed  white  sand. 
2153.  The  Phosphates  of  Ammonia,  oi  Soda,  aod  oi  Mag- 
nesia, and  common  Sail,  constitute  the  principal  crystBlliza- 
ble  salts  contained  in  the  urine ;  the  first  of  these  is  probably 
in  great  part  produced  during  evaporation,  for  the  saline  mass 
obtained  by  inspissating  urine  is  no  lunger  acid;  the  carbonic 
having  escaped,  and  the  phosphoric  being  saturated  by  ammoaia. 
The  microcosmic  sail,  or  fusible  salt  of  urine,  of  the  old 
chemists,  is  chiefly  phosphate  of  ammonia  with  a  little  phosphate 
of  soda,  or  perhaps  a  triple  amm-onio-pltosphale  of  aoda.  (920). 
2151.  The  *^mmoniaco-magnesian  Phosphate  (lOfil)  is  a 
Gommoa,  and  almost  constant  ingredient  in  urine.  It  forms  a 
part  of  the  white  sand  voided  in  certain  calculous  afiecttons, 
and  is  sometimes  formed  in  a  film  upon  the  surface  of  the 
urine,  having  been  held  in  solution  by  carbonic  acid,  and  being 
deposited  as  that  gna  escapes. 

2155.  The  existence  of  Sulphuric  acid,  probably  combined 
with  soda,  and  perhaps  also  wiUt  polassa,  may  be  detected  in 
urine  by  the  addition  of  nitrate  of  baryta,  which  occasions  a 
precipitate  of  sulphate  of  baryta. 

As  urine  blackens  silver,  it  has  been  said  to  contain  sulphur { 
hut  this  is  not  the  case  with  recent  urine,  and  when  it  becomei 
slightly  putrid  it  evolves  a  little  sulphuretted  hydrogen. 

2156.  The  existence  oi albuminous  mailer  in  urine  is  some* 
times  easily  demonstrated  ;  at  others,  the  secretion  seems  not 
to  contain  it.  It  has  been  said,  by  Mr  Cruickshank,  that  the 
urine  in  some  dropsical  cases  contains  so  much  albumen  as  to  be 
Goagulable  by  heat,t  but  if  that  ever  be  the  case,  the  secreUon 
could  hardly  be  called  urtne.  It  seems  ([uestionable  whetber 
the  albumen  of  urine  should  not  sometimes  be  ^e^arded  as  de- 
rived from  the  mucous  secretion  of  the  bladder,  Dr  Prout,  n 
his  Inquiry  into  the  Nature  and  Treatment  of  Gravel,  ftt 
has  described  some  cases  of  albuminous  urine,  and  haa  tA- 
verted  to  its  metliodof  cure. 

2157.  Urea  is  the  principle  which  confers  upon  tirine  iti 
chief  peculiarities.     It  may  be  obtained  by  slowly  evaporatiu 
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urine  to  the  consistency  of  sirup ;  on  cooling  it  concretes  into 
a  saline  mass,  which  uy  digestion  in  alcohol,  furnishes  urea. 
By  carefully  distilling  off  the  alcohol,  the  urea  remains  in  the 
form  of  a  brown  crystallized  mass,  which,  by  purification,  fur- 
nishes colourless  prismatic  crystals. 

Other  processes  have  been  given  for  obtaining  urea,  which 
are  objectionable,  on  account  of  their  complexity ;  indeed  it  is 
doubtful  whether,  by  the  action  of  heat  and  alcohol,  as  above 
described,  it  is  not  considerably  altered. 

Urea  is  very  soluble  ;  water,  at  60^,  takes  up  about  its  own  PiopcrUtA. 
weight,  and  boiling  water  appears  to  dissolve  it  in  any  quantity, 
and  without  alteration :  boiling  alcohol  takes  up  its  own  weight, 
and  on  cooling  the  urea  separates  in  crystals.  Sulphuric  ether 
scarcely  dissolves  an  appreciable  portion.  Nitric  kcid  produces 
a  crystalline  precipitate  in  the  aqueous  solution  of  urea  consist- 
ing of  the  two  substances  according  to  Dr  Prout,  in  the  follow- 
ing  proportions: 

Nitric  acid 47,37 

Urea ,..••••    52,63 

100,00 

A  very  similar  compound  may  also  be  produced  with  oxalic 
acid. 

The  fixed  alkalies  decompose  urea,  and  occasion  the  evolu- 
tion of  ammonia  and  some  other  products.  It  is  to  this  sub^ 
stance  that  the  copious  production  of  volatile  alkali,  during  the 
destructive  distillation  of  urine,  is  referable ;  and  the  ammonia 
which  is  found  in  combination  with  the  acids,  in  putrid  urine, 
is  derived  from  the  same  source. 

Urea  combines  with  most  of  the  metallic  oxides;  with  oxide 
of  silver  the  compound  is  grey,  and  it  decomposes  with  detona- 
tion when  heated. 

According  to  Dr  Prout's  analysis  urea*  consists  of 

Oxygen   .  .  .  26,66  =:  1  proportional  i\ 

Nitrogen  •  .  46,66  =  1  „  14 

Carbon    .  .  .  19,99  =  1  „  6 

Hydrogen  .  •      6,66  =s  2  „  2 

30 

In  some  diseased  states  of  the  urine  there  is  a  morbid  excess 
of  urea,  which  may  be  detected  by  putting  a  little  of  the 
urine  into  a  watch-glass,  and  carefully  adding  an  equal  quantity 
of  nitric  acid,  in  such  a  manner  that  the  acid  shall  subside  to 
the  lower  part  of  the  glass  ;«if  spontaneous  crystallization  take 
place  it  indicates  excess  of  urea.t 

2158*  Such  are  the  properties  of  the  principal  ingredients  in 
human  urine,  to  which  several  others  have  been  added  by  dif-  pf^^t^f 
ferent  chemists  ;  but  their  existence  is  only  occasional,  and  often  d>»casi».* 
doubtfiiL 

2159.  The  urine  suffers  some  very  remarkable  changes  in 
certain  diseases,  which  have  been  but  superficiolly  inquired 

*  Henry's  EXemenU,  Tol.  ii.  f  Prout,  9n  GravtK  kt.  p.  10.. 
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into  by  cliemisis.  In  cases  of  injury  of  the  spine,  affecling  the 
nerves  ihat  supply  the  kidneys;  the  urine  is  always  turbid,  aod 
often  alkaline;  and  there  is  a  considerable  tendency  in  these 
cases  to  form  calculi. 

In  the  disease  called  diabetes,  the  urine  is  not  only  secreted 
in  excess,  but  often  contains  a  substance  ofa  sweet  taste,  having 
the  properties  of  sujcar,  and  its  specific  gravity  is  considerably 
above  the  healthy  standard.* 

3160.  The  urine  of  grarainivorous  animals  diHers  considerably 
from  that  of  the  human  subject.  Carbonates,  muriates,  and 
phosphates,  are  the  leading  ingredients;  it  also  contains  urea, 
but  not  uric  acid ;  potassa  is  usually  the  predominating  alkali. 

21BI.  It  frequently  happens,  from  a  variety  of  causes,  that 
certain  ingredients  of  human  urine  are  secreted  in  excess,  and 
deposited  In  a  solid  form,  constituting  sand,  or  gravel  and 
calculi. 

Sand  is  either  white  or  red ;  the  former  consists  of  phos- 
phate of  lime,  and  ammoniaco-magnesian  phosphate,  either  sep- 
arate or  mixed,  and  the  latter  is  chiefly  uric  acid.  The  former 
deposition  is  prevented  by  the  use  of  acids,  and  the  latter  by 
alkalies  and  the  alkaline  earths.  The  modes  of  exhibiting 
these  remedies,  and  the  effecfa  which  they  produce,  are  describ- 
ed in  a  paper  printed  in  the  Quarterly  Journal  of  Science  and 
^ris,  Vol.  vi. 

21(i2.  Urinary  calculi  are,  for  the  most  part,  composed  of 
materials  that  exist  at  all  times  in  the  urine,  though  there  are 
a  few  substances  that  only  make  their  occasional  appearance  in 
.  them.     The  following  are  their  component  ingredients: 


T.  Uriocid. 

5.  OxklMeoflin 

•2.  Urate  of  nmnionia. 

6.  Carbonate  of 

S.  PhoiphMeoflime. 

7.  Cyitic  oxide 

2163.  The  calculi  composed  of  uric  acid,  of  which  the  chem- 
ical properties  have  already  been  described  (3149),  are  of  a 
brown  or  fawn-colour;  and,  when  cut  through,  appear  ofa 
more  or  less  distinctly  laminated  texture.  Their  surface  is 
generally  smooth,  or  nearly  so,  being  sometimes  slightly  tuber- 
culated.     Before  the  blow-pipe  this  calculus  blackens,  and  girei 

lUt  a  peculiar  ammoniacat  odour,  leaving  a  minute  portion  of 
^' white  ash  :  it  is  soluble  in  solution  of  pure  potassa,  and  heated 
with  a  titlle  nitric  acid,  affords  the  fine  pink  compound,  above- 
mentioned  (2150). 

2164.  Phosphate  of  lime  calculus  is  ofa  pale  brown,  or  grey 
r£nc!^tlliHf  colour,  smooth,  and  made  up  of  regular  and  easily  separable 

laminae.  It  is  easily  soluble  in  muriatic  acid  and  precipitated 
by  pure  ammonia,  and  does  not  fuse  before  the  blow-pipe. 
Calculi  frotn  the  prostrate  gland,  are  always  composed  of 
phosphate  of  lime. 

•  Utatj  «ii  DMtlic  VttAt.    MiiieaOiinrticul  Triv.  Vel.  ii.  f.  111. 
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j-  2165.  The  ammonio-map^nesran,  or  tripfc  calculus,  is  gene-  t 
Hlly  while,  ur  pate  grey,  and  (he  surface  otten  prescnis  minute  '" 
lystals  ;  ils  lexliire  is  generally  compact,  anil  often  somewhat 
ird  and  translucent;  heated   vlolenlly   by   the  btow-pipe,  it 
ales  ammonia,    and    leaves   phosphate  nf  magnesia.      Il   is 
JBre  easily  sukible  than  the  preceding,  and  oxoJale  ofammoDia 
o  precipitate  in  ils  miiriulic  solution. 
S16(j.  It  frequently  happens  that  calculi  consist  of  a  mixlure 
Pihe  two  last-mentioned  substances,  in  which  case  they  melt 

!  the  blow-pipe,  and  are  hence  termed  fusible  calculi.  *« 
Piey  are  white  or  nearly  so,  and  softer  than  Hie  separate  sub- 
^Dces,  often  resembling  chalk  in  appearance.  They  are 
■ily  soluble  in  muriatic  aciil,  anil  it  oxalute  of  ammonia  be 
I  to  their  soluilon,  the  lime  is  precipitated  in  the  state  of 
Itlaie. 

8167.  Oxalate  of  lime  forms  calculi,    the   exterior  colotir  of 
which  is  generally  dark  brown,  or  mldish;  they  are  commonly 
rough,  or  luberculatcil  upon  the  surface,  and  have  hence  been 
called    nmlberry  calculi.     Before  the  blow-pipe  they  blacken  »• 
and  swell,  leaving  a  while  infusible  residue,  which  is  easily 
recognised  as  quicklime  (1!)53).     Small  oxalate  of  lime  calculi 
are,   however,   sometimes  perfectly   smooth    upon  the  surface^ 
and  much  resemble  a  hempseed  in  apjiearance. 
■  2168,  Urate  of  ammonia  is  admitted  by  Prof.  Brande  among  f 
urinary  calculi,  upon  the  authority  of  Dr  Prout,"     Its  surface  is  " 
sometimes  smooth,   sometimes  luberculated  ;  il  is    made   up  of 
concentric  layers,    and  its  fracture  is    hne  earthy,  resembling 
that  of  compact  lime-stone;  it  is  generally  of  a  small  size,  and 
rather  uncommon,  though  it  often  occurs  mixed  with  uric  acid. 
It  usually  decrepitates    before   the    blow-pipe,   is  more  soluble 
than  the   uric   calculus,   evolves   ammonia    when    healed    with 
solution  of  potassa,  and  is  readily  soluble  in  the  alkaline  car- 
bonates, which  pure  uric  acid  is  not. 

2169.  Dr  Prout  and  Mr  Smitht  have  described  calculi  com- 
posed almost  entirely  of  carbonate  of  lime,  but  this  species  is 
exceedingly  rare. 

2170.  Cystic  oxide  is  a  peculiar  animal  substance;  the  calculi  j^, 
composed  of  it,  which   are   rare,  are  in    appearance  most  like    ' 
those  of  the  ammonio-magnesian  phosphate.     They  are  soft, 
and    when   burned  by    the  blow-pipe,  exhale  a  peculiar   fetid 
odour.     They  arc  soluble  in  nitric,  sulphuric,  muriatic,  phos- 
phoric, and  oxalic  acids,  and  also  in  alkaline  solutions. 

2171.  The  substances  which  have  been  described,  with  the 
exception  of  cystic  oxide,  are  sometimes  intimately  blended  in 
calculi;  sometimes  ibey  form  alternating  layers;  and  in  a  few 
cases  four  distinct  layers  have  been  observed,  the  nucleus 
being  uric,  upon  which  the  oxnlate,  and  phosphate  of  lime,  and 
Ihe  triple  phosphate,  are  distinctly  and  separately  arranged. 


L 


CELATIXB. 

S173.  Dr  Mitrcet  lias  described  a  calculus  composed  of  a 
peculiar  animal  matter,  which  he  calls  Xanlhic  Oxide,  from  iu 
properly  of  giving  a  yellow  colour  when  acled  on  by  nitric 
acid  :  be  has  also  announced  the  c^iistence  of  calculus  conipowd 
of  fibrine." 

2173.  These  are  the  principal  chemical  fact*  belonging  to 
the  history  of  urinary  calculi,  in  Dr  Wollaston's  and  Prof. 
Brando's  valuable  papers  upon  this  subjeclt  much  addiltonil  in- 
formation will  be  found. t 


Section  VIL     Cu/itr,  or  Stin,  Membrane,  ^-c.        ^H 

2174.  The  skin  of  animals  consists  of  an  exterior  albumin- 
ous covering,  or  c»/)c/^,  under  which  is  a  thin  stratum  of  a 
peculiar  substance,  called  by  anatomists  rele  tnucosum,  and 
which  lies  immediately  upon  the  cutis,  or  true  skin,  of  which 
the  principal  component  is  g-c/H^/ne. 

2175.  The  following  are  the  chemical  properties  of  pure 
gelatine.  It  is  colourless,  semi-transparent,  anil  nearlv  tssie- 
less.  It  is  sobened  by  long  continued  immersion  in  cofil 
water :  in  hot  water  it  readily  dissolves,  and  forms  a  solution 
of  a  slighlly  milky  appearance,  which,  if  sufficiently  concentra- 
ted, concreies  on  cooling  into  the  tremulous  mass  usually  called 

jeily,  and  which  is  easily  soluble  in  cold  water  ;  when  dried  in 
a  gentle  heat  it  acquires  its  original  appearance,  and  is  as  solu- 
ble as  before.  When  dry,  gelatine  undergoes  no  change,  but  its 
solution  soon  becomes  mouldy  and  putrescent.  Submitted  to 
the  action  of  heat  it  aflbrds  the  usual  products  of  animal  sub- 
stances.§ 

It  is  readily  soluble  in  diluted  acids  and  alkaline  solutions, 
and  forms  no  soap  wilh  the  laller.  lis  aqueous  solution  is  not 
afiecled  by  solution  of  corrosive  sublimate,  and  few  of  the 
metallic  sails  occasion  any  precipitale  in  it.  Chlorine  passed 
through  its  solution,  occasions  a  white  elastic  matter  to  separate, 
which  is  not  soluble  in  water,  and  which  in  some  properiiei 
resembles  albumen.  It  is  insoluble  in  alcohol  and  ether. 
n-  Solution  of  tannin  occasions  a  white  precipitale  in  solutioo  of 
gelatine;  and  hence,  vegetable  astringents  such  as  galls  or 
catechu,  are  generally  employed  as  tests  for  its  presence.  Bat 
as  tannin  precipitates  albumen,  it  cannot  be  relied  on  as  an 
unequivocal  test,  unless  we  previously  ascertain  the  noo-exifit- 
cnce  of  albumen  by  corrosive  sublimate.  {{ 


1.  l7B7tDllBl(l. 
10  j  Dr.  Pion  bii> 
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Mr  E.  Davy  recommends  sulphate  of  platinum  as  a  very  sulphate  <»r 
delicate  test  of  gelatine,  with  which  it  forms  a  brown  insoluble  te«L7^u- 
compound,  in  solutions  too  weak  to  be  affected  by  vegetable  ^^' 
astringents.* 

2176.  The  action  of  sulphuric  acid  upon  gelatine  has  been 
investigated  by  M.   Braconnot.     Twelve  parts  of  powdered  ttSphuT\! 
glue  and  24  of  sulphuric  acid,  were  left  together  for  24  hours  ;  "<^'*> 
about  60  parts  of  water  were  then  added,  and  the  whole  boiled 

for  5  hourSy  adding  water  at  intervals  ;  the  solution  was  then 
saturated  with  chalk,  filtered,  and  suffered  to  evaporate  sponta- 
neously. In  a  month  crystals  were  deposited,  which,  being 
purified  by  solution  and  a  second  crystallization,  much  resem- 
bled sugar  of  milk,  though  they  differ  from  that  substance  in 
affording  a  peculiar  acid,  called  by  M.  Braconnot  iW/ro-^arcAa- 
rine  acidy  when  acted  upon  by  nitric  acid.t 

2177.  The  different  kinds  of  gelatine  differ  considerably  in 
viscidity.  Mr  Hatchett  has  remarked  that  the  gelatine  obtain- 
ed from  skins  possesses  a  degree  of  viscidity  inversely  as  their 
softness  or  flexibility ;  the  most  adhesive  kinds  of  gelatine,  too, 
are  less  easily  soluble  in  water  than  those  which  are  less  tena- 
cious.    The  principal  varieties  of  gelatine  in  common  use  are, 

a.  Gluey  which  is  prepared  from  the  clippings  of  hides,  gi„,, 
hoofs,  &c.,  obtained  at  the  tan-yard  ;  these  are  first  washed  in 
lime-water,  and  afterwards  boiled  and  skimmed ;  the  whole  is 
then  strained  through  baskets,  and  gently  evaporated  to  a  due 
consistency;  afterwards  it  is  cooled  in  wooden  moulds,  cut 
into  slices,  arfd  dried  upon  coarse  net-work.  Good  glue  is  of  a 
semi-transparent  and  deep  brown  colour,  and  free  from  clouds 
and  spots.  When  used  it  should  be  broken  into  pieces,  and 
steeped  for  about  24  hours  in  cold  water,  by  which  it  softens 
and  swells;  the  soaked  pieces  may  then  be  melted  over  a 
gentle  fire,  or  in  a  water-bath,  and  in  that  state  applied  to  the 
wood  by  a  stiff  brush.  Glue  will  not  harden  in  a  freezing  tem- 
perature, the  stiffening  depending  on  the  evaporation  of  its 
superfluous  water. 

b.  Size  is  less  adhesive  than  glue,  and    is   obtained  from  ^''« 
parchment  shavings,  fish-skin,  and  several  animal  membranes. 

It  is  employed  by  bookbinders,  paper-hangers,  and  painters  in 
distemper,  and  is  sometimes  mixed  with  flour,  gum,  &c. 

c.  Isinglass  is  prepared  from  certain  parts  of  the  entrails  of  i>i'>si">- 
several  fish  ;  the  best  is  derived  from  the  sturgeon,  and  is 
almost  exclusively  prepared  in  Russia.  It  should  be  free  from 
taste  and  smell,  and  entirely  soluble  in  warm  water,  which  is 
seldom  the  case,  in  consequence  of  the  presence  of  some  albu- 
minous parts.  When  the  jelly  of  isinglass  is  concentrated  by 
evaporation  and  carefully  dried,  it  forms  a  very  choice  kind  of 
glue.J 

•  l>hll.  Truu.  1^20,  p.  1 19.      f  Ann.  d«  Chimit  «t  Pb ji.  liii.      %  A'tktn't  Dictionary,  Art.  0«]atin^ . 


tnon  temperatures..  The  table  below  shows  their  relative  prty 
portions  in  different  fats  and  oils  :* 

These  principles  may  bo  obtained  by  boiling  ho^s'lard  ia 
alcohol;  the  fluid,  on  cooling,  deposits  a  crystalline  matier, 
which  is  to  be  purified  by  a  second  solution  and  crystallizatioa; 
it  is  then  pure  stearine,  white,  brittle,  lastelc-ss,  and  inodorotn; 
it  fuses  at  a  little  below  120^,  and  forms  simp  with  alkalies. 

When  the  alcohol  which  has  deposited  the  whole  of  the 
stearine  is  distilled,  an  oily  liquid  remains,  whicli  is  tlaint. 
It  is  fluid  at  58^ ;  it  generally  is  of  a  yellow  colour,  and  is 
convertible  into  soap. 

2187.  When  soap  composed  of  hogs'-lard  and  pota.ssa,  is  pot 
into  water,  a  portion  only  is  dissolved,  the  remainder  consiui  of 
white  scales,  composed  of  the  alkali  united  to  a  peculiar  aciil, 
called  by  Chevreul,  from  its  pearly  appearance,  mnrgaritie 
acid,   and  separable  from    the  above  combination   by  muriatic 

It  is  insoluble  in  water,  tasteless,  fusible  at  134°,  and  crys- 
tallizes on  cooling  in  brilliant  white  needles.  It  is  soluble  in 
alcohol.  It  unites  with  potassa  in  two  proportions,  the  one 
compound  containing  100  acid  +  8, SO  potassa';  the.  other,  100 
acid  +  17,77  potassa.  These  compounds  have  Iwen  termed 
margarates  of  potassa, 

218S.  The  portion  of  the  hogs'-lard  soap  soluble  in  woter, 
consists  of  another  peculiar  substance  united  to  potassa,  which 
Chevreul  has  called  oleic  acid.  It  may  be  obtained  from  it) 
solution  by  tartaric  acid,  which  causes  it  to  separate  in  the  form 
of  an  oily  matter,  that  is  to  bo  again  united  to  potassa.  and  sep- 
arated as  before.  This  substance  solidifies  at  about  40°,  and  it 
forms  compounds,  called  oleates.  It  appears  probable  that,  by 
the  action  of  alkalies,  the  stearine  is  converted  into  what  Chev- 
reul has  termed  margaric  acid,  and  the  clalne  into  oleic  acid.t 

2189.  By  mixing  1  volume  of  carbonic  acid  with  10  of  car- 
buretted  hydrogen,  and  30  of  hydrogen,  and  passing  the  mis- 
ture  through  a  red-hot  porcelain  lube,  Berard  is  said  to  h«ve 
produced  a  substance  in  small  white  crystals,  having  many  of 
the  properties  of  fat. J 

2190.  Spermaceti  or  Celine  is  a  peculiar  matter,  which  con- 
cretes from  the  oil  of  the  spermaceti  whale.  Il  fuses  at  113", 
and  at  higher  temperatures  is  volatile,  but  if  repeatedly  distilled 
it  loses  its  solid  form,  and  becomes  a  liquid  oil.  It  is  solubU 
in  boiling  alcohol,  and  abundantly  so  in  ether.  It  forms  a  sou 
with  potassa,  which  yields,  on  decomposition,  a  substaaee  oD- 
ed  by  Chevreul,  celic  aciU.^ 
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S191.  In  the  yolk  o(  eggs  there  is  a  considerable  quantity  of 
oily  matter,  which  may  be  obtained  by  pressure  after  boiling ; 
it  is  yellow  and  tasteless. 

2192.  t^mbergriSf  which  is  a  concretion  from  the  intestines  Ambergri«. 
of  the  spermaceti  whale,  also  contains  a  considerable  portion  of 

fatty  matter,  amounting  in  some  specimens  to  60  per  cent.     It 
is  only  found  in  the  unhealthy  animal.* 

2193.  The  brain  of  animals,  when  boiled  in  alcohol,  furnishes 
a  peculiar  fatty  matter,  which  the  solution  deposits  as  it  cools, 
in  briiiiant  scales.  It  requires  a  higher  temperature  than  that 
of  boiling  water  for  its  fusion,  and  appears  in  many  respects 
analogous  to  cholesterine.  (2130.)  The  same  substance  is  often 
seen  in  the  alcohol  employed  to  preserve  anatomical  prepara- 
tions of  the  brain  and  nerves. 


Section  X.    Cerebral  Substance. 

2194.  According  to  Vauquelin,  the  cerebral  substance  con< 
sists  of 

Water       80,00 

White  fatty  matter 4,53 

Red  fatty  matter 0,70 

Albumen        7,00^ 

Osmazome 1,12 

Phosphorus         1,50 

Acids,  8alt«,  and  sulphur      .     •    •    •     .  5,15 

100 

The  pulp  of  nerves  seems  to  be  of  a  similar  nature.t 


Section  XI.     Shell  and  Bone. 

^  2195.  We  are  indebted  to  Mr  Hatchett  for  two  excellent 
dissertations  on  the  chemical  properties  of  these  parts  of  ani- 
mals, published  in  the  Philosophical  Transactions  for  1799 
and  ISOO. 

He  has  divided  shells  into  two  classes;  the  texture  of  the 
first  is  compact,  brittle,  and  resembling  porcelain  ;  their  surface 
is  smooth,  and  they  are  often  beautifully  variegated.  When 
exposed  to  a  red  heat  they  crackle,  and  lose  the  colour  of  their 
enamelled  surface,  emitting  scarcely  any  smoke  or  smell.  They 
dissolve  in  dilute  muriatic  acid  with  copious  effervescence,  and 
form  a  transparent  solution,  in  which  neither  pure  ammonia  nor 
acetate  of  lead  produce  any  precipitate,  but  carbonate  of  ammo- 
nia throws  down  carbonate  of  lime.     Hence  these,  which  are 

*  Home*!  Jjteburti  on  Comparativt  caafoiny.  Vol.  1.  p.  470. 
t  TboaMB*!  %<(emt  Vol.  ir.  p.  482. 
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called  porcellaneous  shells,  may  be  considered  as  composed  of 
carbonate  of  lime,  united  lo  a  very  small  portion  of  gelatine: 
most  of  the  univalve  .shells,  such  as  whelks,  liinpeta,  cowries, 
and  many  of  the  beautiful  convoluted  shells  of  tropical  countries, 
belong  lo  this  class. 

21!»6.  The  second  class,  or  mother-qf-pearl  shells,  are 
tougher,  glossy,  and  iriilescenl ;  they  are  mostly  bivalves,  and 
all  the  oyslei-  and  muscle  species  belong  to  iL  When  heiled, 
they  exhale  smoke  and  the  smell  of  burned  horn  ;  immeraed  in 
murialic  acid,  they  only  partially  dissolve,  and  leave  a  series  of 
CBrtiIap:inous  layers,  and  an  outer  epidermis.  Each  membrane 
appears  lo  have  a  corrcsjionding  stratum  of  carbonate  of  lime, 
the  solution  indicating  no  trace  of  any  phosphate.  The  animal 
part  is  in  some  cases,  as  in  mother-of-pearl,  tough  and  indurated, 
and  when  dried  becomes  exaclly  like  horn  ;  in  other  instances, 
as  in  tlie  bone  of  cuttle  fish,  it  appears  in  the  form  of  delicate 
and  tender  membrane. 

In  both  classes  of  shells,  therefore,  the  hardening  principle  is 
carbonate  of  lime;  in  porcellaneous  shells  there  is  very  little 
animal  matter  which  is  gelatine  ;  and  in  molher-of-pcarl  shell), 
it  is  albumen,  and  in  larger  quantities. 

2197.  Pearls  are  exactly  similar  in  composition  to  what  ii 
termed  mother-q/'-pearl,  in  which  Mr  Hatchett  found 

CMii°ii»e   oC  lime 66  ^H 

Albumvli 24  ^^^| 

,.      211)8.  In  the  scales   of  Jish,  and  in   the  cru s/jt  of  lobstm^ 
crabs,   prawns,  and  cray-fish,    Mr  Hatchcit  found   the  animal    1 
portion  to  consist  of  cartilage  ;  the  hardening  part   was  a  mix-     | 
ture  of  carbonate  and  phosphate  of  lime.     From  lobsler-shelt 
Merat-Gulliot  obtained 

CBfhonaie    of   lime 60 

PhD«phii1«  of  lime 14 

CarUJuge       se 

too 

Vauquelin  obtained  from  100  parts  ot hen's  egg  shell 

r:Brbonii(e  ortiiDC 89.S 

Phoiplmle  of  lime 5,7 

AnlniHl  DiBllar 4,7 


2199.  Zoophyies,  according  to  Mr  Hatchetl's 
may  be  divided  into  four  classes  j  the  first  resemble  porcelll 
ous  shells,  and  consist  entirely  of  carbonate  of  lime,  ivin 
very  minute  quantity  of  gelatinous  matter;  of  this  the  comm 
while  coral  [madrepora  virginea)  is  an  example.  The  bcm 
consistsof  carbonate  of  lime,  and  a  cartilaginous  substance,  ud 
are  therefore  analogous  to  mother-of-pearl  shell  ;  to  this  dim 
belong  the  madrepora  ramea,  and  madrepora  faseieularis. 
The  third  class  is  composed  of  a  cartilaginous  matter,  with  cai> 
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bonate  and  phosphate  of  lime ;  to  this  belongs  the  red  coral 
(garganta  nobilis).  The  fourth  class  contains  sponges,  com- 
posed almost  entirely  of  albuminous  matter.* 

8200  Bane  J  and  Ivory  ^  like  the  preceding  substances,  is  BooetaA 
essentially  composed  of  soft  and  hard  parts.  When  ground  '^^^' 
bone  is  digested  in  warm  water,  a  portion  of  fat  is  first  separat-^ 
ed,  and  by  long-continued  ebullition,  a  solution  which  gelatin- 
izes on  cooling  is  obtained.  If  fresh  bone  be  immersed  in 
diluted  muriatic  acid,  the  fat,  gelatine,  and  hardening  matter 
are  dissolved,  and  a  kind  of  skeleton  of  the  bone  remains  in  the 
form  of  a  cartilaginous  substance,  which  when  dried  exactly 
resembles  horn.  It  appears,  therefore,  that  the  soft  parts  of 
bone  dx^y  fai^  gelatine  J  and  albumen. 

The  earthy  salts,  which  constitute  the  hardening  principle  of 
bone,  are  phosphate  and  carbonate  of  lime,  with  a  minute  quan- 
tity of  sulphate  of  lime,  and  traces  of  phosphate  of  magnesia. 
Fourcroy  and  Vauquelin  obtained  from  ox-bones. 

Animal  matter ,    .    .    •    •  61 

Phosphate  of  lime   •••••....  37,7 

Caibonate  of  lime •    •  10 

Phosphate  of  magnetia     •••••••      1,3 

4 

100 

2201.  The  enamel  of  teeth  is  perfectly  destitute  of  cartilage,  Enamtiof 
and  consists  chiefly  of  phosphate  of  lime  and  a  portion  of  gela-  ^*^- 
tine.    Mr  Pepys  found  its  component  parts 

Phosphate  of  lime 78 

Carbonate  of  lime 6 

Gelatine       .16 

100 

The  same  chemist  has  given  the  following  as  the  composition 
of  the  teeth  (Fox,  On  the  Teeth :) 

RooUof  Teeth  of  Fint  Teeth, 

the  teeth.  Adults.  of  Children. 

Phosphate  of  lime    .  58  ...  64  ...  62 

Carbonate  of  lime     •  4  •    •    .  6  •    .    •  6 

Cartilage     ....  28  ...  SO  ...  90 

Losa       .    .    ,    •    .  10  •    •    •  10  •    .    •  12 

100  100  100 


diftillatioB 
boa««. 


2202.  When  bones  are  submitted  to  destructive  distillation,  p««tnKtiTf 
the  gelatine  and  albumen  which  they  contain  are  abundantly  pro-  2|*[^ 
ductiye  of  ammonia ;  water,  and  carbonic  acid  are  also  formed 
and  a  portion  of  highly  fetid  empyreumatic  oil.  There  remains 
io  the  vessel  a  quantity  of  charcoal  mixed  with  the  earthy  sub- 
stances, which  is,  in  that  state,  called  ivory  black.  It  is  em- 
ployed aa  the  basis  of  some  black  paints  and  varnishes. 


•PhU.Tniit.II0O. 
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Section  XII.     Of  Animal  Functions.  ^W 

2203.  CaEMtsTRT  has  hitherto'done  lillle  towards  elucidat- 
ing the  functions  of  animals,  and  it  is  scarcely  possible  to  des- 
cribe the  little  that  has  been  done,  without  such  frequent 
reference  to  anatomical  and  physiological  inquiries  as  would  be 
irrelevant  to  the  present  work;  we  shall,  therefore,  only  enu- 
merate the  principal  chemical  pha;nomena  that  have  been 
experimentally  illuRlraled,  in  relation  to  this  subject. 

3204.  Digestion  is  a  process  by  which  the  food  of  aDimals 
is  converted  into  chyle,  and  which  in  conjunction  with  reapira- 
Hon,  tends  to  the  production  of  blood.  The  mechanism  by 
which  it  is  carried  on  differs  considerably  in  the  different  dnsses 
of  animals;  the  present  remarks  will  relate  chiefly  to  maa, 
and  to  the  carnivorous  tribe. 

The  food,  duly  masticated  in  the  mouth,  and  blended  with  a 
considerable  portion  of  saliva,  is  propelled  into  the  sloroach, 
where  it  soon  undergoes  a  remarkable  change,  and,  in  the 
course  of  a  few  hours,  is  converted  into  an  app:irenlly  honaoae- 
iicous  pulpy  mass,  which  has  been  termed  chyme,  and  which 
has  little  or  no  resemblance  to  the  original  food.  This  very 
curious  change  is  only  referable  to  the  operation  of  a  secreiioa 
peculiar  to  certain  glands  of  the  stomach  ;  it  has  been  termed 
gastric  juice,  and  all  that  is  known  respecting  it  is,  that  it  hs 
very  energetic  solvent  powers,  in  regard  lo  the  j^reaier  number 
of  animal  and  vegetable  bodies;  the  remarkable  property  of 
living  substances  to  resist  its  action  is  curiously  iiluslrsled  bjT 
the  circumstance  that  the  stomach  itself,  after  death,  is  out- 
sionally  eaten  into  holes  by  ile  action;  it  instantly  cosgulatea 
all  albuminous  substances,  and  afterwards  softens  and  dissolves 
the  coagulum.  There  are  some  substances  thai  remarkably 
resist  its  action,  such  as  the  husk  of  grain,  and  of  many  seeds, 
which,  if  not  previously  broken  by  miisticalion,  pass  throu^ 
the  stomach  and  bowels  nearly  unaltered.  It  is  hardly  worth 
while  to  detail  the  experiments  that  have  been  undertaken  on 
the  gastric  juice,  since  they  are  much  at  variance,  and  il  is 
impossible  to  say  whether  the  secretion  has  ever  been  examined 
in  a  state  even  approaching  lo  purity.  It  has  been  described  u 
a  glairy  fluid,  of  a  saline  taste ;  sometimes  it  is  said  to  be  acid, 
and  sometimes  bitter;  but  no  light  whatever  has  been  Ihrotni 
by  any  of  these  researches  upon  the  cause  of  its  singular  sol- 
vent energies. 

It  has  sometimes  been  matter  of  surprise,  that  altbough  ini- 
mals  drink  copiously  with  their  food,  the  consistency  of  Uw 
chyme  is  not  affected  by  it,  and  by  the  time  that  it  reaches  tbo 
right,  or  pyloric  estremity  of  the  stomach,  the  liquid  baa  db- 
appeared.  Sir  Everard  Home's  curious  physiological  reftearvhes 
have  shown  that  liquids  are  copiously  and  rapidly  removed 
by  absorbents  belonging  principally  to  the  leil,  or  cardiac  por- 
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tion  of  the  stomach,  and  that  during  digestion  there  is  an  im- 
perfect division  of  the  stomach  into  two  cavities,  by  the  con« 
traction  of  the  bandr  of  muscuFar  fibres  about  its  centre.  He 
has  also  shown  that  these  liquids,  very  soon  reach  the  kidneys, 
and  pass  off  by  urine  ;  and  was  led  to  believe  that  the  spleen 
was  the  channel  of  communication ;  an  opinion,  however, 
which  his  subsequent  researches  tended  to  disprove.* 

The  chyme  passes  from  the  stomach  into  the  small  intestines, 
where  it  soon  changes  considerably  in  appearance;  it  becomes 
blended  with  bile,  and  is  separated  into  two  portions,  one  of 
which  is  white  as  milk,  and  is  termed  chyle  ;  the  other  passes  ^^7>«* 
on  to  the  large  intestines,  and  is  ultimately  voided  as  excre- 
mentitious.  The  chyle  is  absorbed  by  the  lactealsj  which  ter- 
minate  in  the  common  trunk,  called  the  thoracic  duct ;  it  is 
there  mixed  with  variable  proportions  of  lymph,  and  poured 
into  the  venous  system. 

The  excrements  of  animals  have  been  examined  by  Berze- 
lius,t  by  Vauquelin4  and  by  Thaer  and  Einhoff.  An  abstract 
of  these  experiments  has  been  published  by  Dr  Thomson,  in 
the  4th  volume  of  his  System  of  Chemistry, 

2305.  Chyie  has  been  examined  by  several  chemists,  and 
their  results  are  ftot  widely  different.  During  some  physiolo<t 
gical  researches  Prof.  Brando  and  Mr  Brodie  had  an  oppor- 
tunity of  collecting  it  in  considerable  quantities  in  several  car- 
nivorous and  graminivorous  animals,  and  an  account  of  experi- 
ments upon  it  was  presented  to  the  Royal  Society. § 

Chyle  is  an  opaque  white  fluid,  having  a  sweetish  saline  chkracterc. 
taste ;  its  specific  gravity  is  inferior  to  that  of  the  blood.  It 
exhibits  slight  traces  of  alkaline  matter  when  tested  by  infusion 
of  violets;  soon  after  removal  from  ihe  thoracic  duct,  it  gelatin- 
izes spontaneously,  and  afterwards  gradually  separates  into  a 
firm  yellowish  white  coagulum,  and  a  transparent  col<)urlcs8 
serum  ;  so  that,  like  the  blood,  it  enjoys  the  property  of  spon- 
taneous coagulation. 

The  coagulum  of  chyle  possesses  properties  closely  resem- 
bling those  of  the  caseous  portion  of  milk,  and  may  hence  be 
considered  as  a  variety  of  albumen ;  the  serum^  of  the  chylt^ 
when  heated,  deposits  a  few  flakes  of  albumen,  and  by  evapora- 
tion to  dryness  affords  a  small  proportion  of  a  substance  analo« 
gous  to  sugar  of  milk.  Small  portions  of  phosphate  of  lime, 
carbonate  of  soda,  and  common  salt,  may  also  be  detected  in 
the  chyle.  In  these  experiments  Prof.  Brande  found  no  dis- 
tinctive difference  in  the  chyle  of  graminivorous  and  carnivo- 
rous animals,  he  examined  it  from  the  horse,  the  ass,  the  dog, 
and  the  cat ;  Dr  Marcet  thinjcs  that  the  former  is  less  abundant 
in  albumen  than  the  latter.y — Thomson's  ^Snnals^  Vol.  vii. 

«  Lectvret  oa  ConpantiTe  AaalMaj,  p.  S3S.  f  Gelilco**  JmtmmL  r\. 

X  AocmUs  4e  CkiM«.  szis.  %  Bru^e  is  PhiL  Tran$,  It19.  p.  f  I. 

H  It  it  a  earioos  qoeiUoD,  wltf.nf  th«  mtrofen,  wblcb  eooetilutet  an  abundant  altimata  (irincirlff  of 
the  chyle  of  hcfbiToroot  aounaU  '*%  derivad ;  wa  iad  it  in  rtrj  imall  propartiaa  only  In  th^ir  orJinary 
food,  aad  fct  I  coald  diacern  so  djicrcnee  ia  tb«  eoapoaitioii  of  the  albunioeoa  portioo  of  tbeir  ebjli*. 
aad  litet  ff  aouDaJa  fed  exeJoir*!/  on  oicat.    (Brando. ) 


BESPIRATIOS. 

2300.  There  can  be  Ittlle  doubt  that  the  bile  perfonita  an 
important  part  in  the  change  which  the  chyme  Buffers  in  the 
Hinal]  intestines;  it  has  been  conjectured  that  its  aqueous,  and 
perhaps  its  alkaline  parts,  are  employed  as  components  0/ 
chyle,  while  the  albumino-resinous  matter  combines  with  the 
excremenlitious  portion,  and  tends  to  stimulate  the  intestinal 
canal  towards  promoting  its  propulsion.  Whether  the  bile  ii 
absolutely  necessary  to  the  formation  of  chyle,  is  a  question 
that  has  not  been  satisfactorily  answered  ;  but  its  importance  is 
demonstrated  by  the  emaciation  that  attends  its  deficiency,  and 
by  the  disordered  slate  of  bowels  that  accompanies  its  imperfect 
secretion.  Sir  Kverard  Home,  in  his  Lecture  on  ike  Func- 
tions  of  the  Lower  Intesti/tes*  has  offered  some  curious  facij 
connected  with  this  subject,  to  which  the  physiological  reader 
is  referred.  He  is  of  opinion  that,  in  the  large  intestines,  a 
portion  of  the  food  unfit  for  chy  lification  is,  by  a  proce«  not 
widely  different  from  that  above  described,  (2I0S)  converted 
into  fat.  which  is  afterwards  absorbed  and  conveyed  to  different 
parts  of  the  body. 

2207.  In  chyle  we  cannot  fail  to  observe  a  close  approxi-na- 
tion  to  blood;  it  is  deficient  only  in  colouring  matter,  and  the 
albumen  which  it  contains  differs  a  little  from  thai  existing  in 
the  blood  itself;  it  appears  therefore,  that  the  alhumet)  h  per- 
fected, and  the  colouring  mailer  formed,  in  the  process  of  cir- 
culation ;  the  saccharine  principle  of  the  chyle  is  also  no  longer 
perceptible. 

2208.  RespiralioT)  is  the  process  of  receiving  a  quantity  of 
■    air  into  the  lun^s,  whence,  after  having  been  retained  a  short 

lime,  it  is  ai^ain  expelled  in  the  action  of  expiration  ;  and,  if 
now  examined,  a  portion  of  its  oxygen  is  found  converted  into 
carbonic  acid,  and  it  is  more  or  less  loaded  ivith  aqueous 
vapour. 

Obvious  circumstances  render  it  very  difficult  to  ascertain  the 

'    quantity  of  air  taken  into  ihe  lungs  at  each  natural  inspiration, 

as  well  as  the  number  of  respirations  made  in  a  given  lime  ;  the 

former  is   perhaps  about  15  or  16  cubic  inches,  and  the  latter 

about  20  in  a  minute. 

It  has  been  by  some  supposed  that  the  air  suffers  an  absolute 
diminution  of  bulk,  but  the  experiments  that  have  been  adduced 
lo  prove  this,  can  scarcely  be  regarded  as  satisfactory  ;  it  seems, 
on  the  contrary,  most  probable  that  the  volume  of  air  expired 
is  exactly  equal  to  that  inspired,  and  consequently  the  only 
chemical  change  that  is  evident  is  the  saturation  of  a  portion  of 
of  its  oxygen  with  carbon.  The  quantity  of  carbonic  acid 
emitted  at  each  expiration,  varies  at  different  periods  of  the 
day,  and  probably  also  in  different  individuals;  it  appears  at  its 
maximum  during  digestion,  and  at  its  minimum  in  the  morning 
when  the  stomach  ii  empty,  and  when  no  chyle  is  flowing  into 


L 


le  blood.     Dr  Protit  has  shown  that  fermcnied  liquors  and 
igeUble  diet  diminish  the  proportion  of  carbonic  acid,  and 
ia(  the  same  thing  happens  when   the  system   is  aSbcted  by 
'mercury." 

The  air  expired  may  be  remarried,  as  containinj;,  on  an  ave- 
ge.  3,5  per  cent  of  carbonic  acid,  though  Messrs  Allen  and  ^ 
IPepys,  in  their  valuable  Essay  on  Rfspiration,'^  have  esti- 
ated  it  at  about  twice  thai  quantity  ;  it  amounted,  in  their 
ixperimenls.  to  27,5  cubic  inches  per  minute,  a  quantity  proba- 
ily  above  Ihe  truth,  when  we  reflect  upon  the  comparative  pro- 
>rtion  of  carbon  existing  in  our  food,  and  the  other  means  of 
c;ipt!  which  it  has  from  the  body. 

The  aqueous  vapour  contained  in  the  expired  air  is  secreted 
'by  the   exhalents  distributed  over  the  surface  of  the  air-vessels 
if  the  lungs ;  attempts  have  been  made  to  estimate  its  quantity, 
lUt  without  success  ;  it  is  probably  liable  to  variation,  and  caa 
arcely  l>e  considered  as  a  product  of  respiration. 
The  change  of  colour  in  the  blood  is  evidently  owing  to  the 
action  of  the    air,  which    takes   place  through  the  thin  coals  of 
tft  circulating  vessels,  and  the  end  thus  attained  is  the  removal 
if  the  carbon   from  the  venous   biood,  by   which  the  colouring 
itter  was  obscured :  the  carbon  to  be  thus  readily  soluble  in 
'Oxy$;en  must  be  in   some  peculiar  state;  a  portion  of  it  is  also 
removed  by  the  absorbents,  and  transferred  to  the  glands  situate 
8t  the  root  of  the  lungs  between   the  subdivisions  of  the  bron- 
chia,   whicli    often   contain  a    lar^e   portion   of  black   matter. 
This  has  sometimes  been   referred   to  soot  inhaled  with  the  air, 
it  many  circumstances  render  it  more  probable  that  it  is  a  car- 
inaceous  deposit  from  the  blood.     The  only  chemical   differ- 
ice,  then,  which  can  be  detected  between  arterial  and  venous 
ilood,   is  the  existence  of  a  certain   excess  of  carbon  in  the 
liter,  which  it  gives  off  to  oxygen,  forming  carbonic  acid; 
le  blood  is  (bus  fitted  for  the  renovation  of  parts,  for  the  for- 
lation  of  secretions,  and  for  the  sustenance  of  life  by  its  action 
the  cerebral  system  ;  for  although  the  heart  does  not  direct- 
ly refuse  to  circulate  venous  blood,  paralysis  and  torpor  ensue 
'hen  blood,  not  aerated,  passes  into  the  vessels  of  the  brain. 

2209.  It  has  been  shown  that  the  blood  suffers  very  impor-  Pci 
taot  changes  in  the  kidneys  and  Hver;  the  function  of pf.rspi- 
ralion  also  must  be  considered  as  connected  with  an  alteration 
of  the  circulating  fluid,  for  moisture,  carbiinic  acid,  and  minute 
quantities  of  phosphoric  acid,  and  saline  matter,  among  which  is 
common  salt,  are  evacuated  by  the  cutaneous  vessels. 

2210.  Different  animals  require  very  different  quantities  ofir^ 
oxygen  for  the  purpose  of  respiration.  Man,  and  warm-blood-  ^" 
ed  animals,  consume  tlie  largest  quantity  ;  the  amphibioustrihes  '•■ 
not  only  require  less,  but  can  breathe  in  an  atmosphere  which  \L, 
will  not  support  the  life  of  the  former;  and  many  insects  tika 


6uch  BRiall  quantity,  as  sometimes  to  have  been  supposed  cap*- 
bio  of  living  without  air,  wliich  is  not  the  case.  In  the  produc- 
tion of  carbonic  acid  all  animals  agree,  and  consequently  the 
nature  of  the  deterioration  suffered  by  the  air  is  similar  Uirough- 
Oiit  Iho  animal  creation. 

Fishes  breaihe  the  air  which  is  dissolved  in  water;  thej 
therefore  soon  deprive  it  of  its  oxygen,  the  place  of  which  ii 
supplied  by  carbonic  acid ;  this  is  in  many  instances  decomj-os- 
ed  by  aquatic  vegetables,  which  restore  oxygen,  and  absorb 
the  cnrbon ;  hence  the  advantage  of  cultivating  growing 
vegetables  in  artificial  fish-ponds.  It  has  been  ascertained  by 
Biot,  and  verified  by  others,  that  tlie  air-bladders  of  Qsh  that 
live  in  very  deep  water  are  filled  with  a  mixture  of  oxygen  id<1 
nitrogen,  in  which  the  former  greatly  preponderates;  bulla 
fish  that  are  taken  near  the  surface,  the  nitrogen  is  most  abun- 
dant. In  the  trygla  lyra,  always  caujichl  in  very  deep  water, 
the  air-bladder  containeil  S7  per  cent,  of  oxygen  :  in  the  carp 
and  roach,  according  to  Fourcroy  and  Priestley,  the  air-bladili;r 
contains  little  else  than  nitrogen." 

3311.  Tiie  production  of  animal  heat  is  perhaps  the  most 
'  recondite  of  all  the  functions  ;  the  power  appears  to  belong  to 
all  animals,  though  to  some  in  a  very  inferior  degree.  The 
higher  orders  of  animals  always  maintain  a  lempernture  of  about 
100°;  it  vanes  n  little  in  different  parts  of  the  body,  the  ex- 
tremities and  surface  being  a  degree  or  two  colder  than  the 
interior  vital  organs.  This  tcm|jtTature  is  probably  very  little 
afflicted  by  external  circumstances,  a  hoi  or  cold  atmosphere 
prodncing  no  corresponding  change  in  the  heal  of  the  circu- 
lating blood. 

When  I  he  chemical  changes  that  take  place  during  respiration 
had  been  inquired  into,  and  when  it  was  found  that  the  capacity 
of  carbonic  acid  for  heat  was  less  than  that  of  oxygen,  it  wu 
supposed  that  the  conversion  of  oxygen  into  carbonic  acid  was 
the  cause  of  the  rise  of  temperature:  and  as  the  heat  of  the 
lungs  does  not  exceed  that  of  the  other  parts,  it  was  asserted  tbtt 
the  air  was  absorbed  by  the  blood,  and  that  the  production  «f 
carbonic  acid,  and  consequent  evolution  of  heat  took  place  grado* 
ally  during  Ihe  circulation.  To  these  opinions  many  slroog 
objections  have  from  lime  to  time  been  urged  by  different  phy- 
siologists, but  their  complete  subversion  followed  the  researCMf 
of  Mr  Brodie,t  who  found  thai  the  heart  was  capable  of  retaio- 
■  ing  its  functions  for  some  hours,  and  of  carrying  an  circulation 
in  a  decapitated  animal,  and  consequently  independent  of  fi» 
influence  of  Ihe  brain,  when  respiralion  was  artificially  carried  on. 
Under  these  circumstances  it  was  observed,  that  although  the 
change  of  blood  from  the  venous  to  the  arterial  state  was  perfect, 
no  heat  was  generated,  and  that  the  animal  cooled  regularly 
and  gradually  dowa  to   the  atmospheric  standard.     In  roiffC 

•  Biol,  JlfiM.ir»  iC  StoHii.  \.  ud  ii.  t  Pta-  Trmi.  ISii. 
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than  one  instance  Prof.  Brande  examined,  at  his  request,  the 
expired  air,  and  found  that  it  contained  as  much  carbonic  acid 
as  was  produced  by  the  healthy  animal ;  so  that  here  circulation 
went  on,  there  was  the  change  of  oxygen  into  carbonic  acid, 
and  the  alteration  of  colour  in  the  blood,  and  yet  no  heat  what- 
ever appeared  to  be  generated. 

In  Uiese  cases  a  period  was  also  put  to  the  secretory  fun^ 
lions ;  and  it  has  been  observed  by  several  other  physiologists, 
that  if  the  nerves  that  supply  any  of  the  glands  are  injured  or 
divided,  there  is  a  corresponding  change  or  suspension  of  their 
secretion.  Electricity  has  sometimes  been  supposed  to  have 
some  connexion  with  the  nervous  influence,  and  the  fact  of 
some  of  the  secretions  being  alkaline,  while  others  are  acid 
(corresponding  to  negative  and  positive  influence),  lias  been 
adduced  in  favour  of  the  supposition,*  but  experiment  has  gone 
little  way  to  sanction  such  a  notion,  and  although  it  has  been 
proved  that  the  nervous  influence  contributes  to  the  generation 
of  heat  in  animals,  that  it  presides  over  the  phenomena  of 
secretion,  as  well  as  of  voluntary  motion,  the  actual  cause  of 
this  influence,  or  energy,  remains  among  those  mysteries  of 
nature  which,  doubtless,  for  the  wisest  purposes,  are  hidden 
to  the  human  understanding. 


ADDENDA. 

Liqu^aetUm  of  Oases. — ^The  followiLg  account  of  Mr  Far- 
raday's  experiments  on  the  condensation  of  several  of  the  gases, 
is  taken  from  his  very  valuable  paper  in  the  Philosophical 
Transactions  for  1822. 

Sulphurous  Jidd.  (515).  Mercury  and  concentrated  sul-  suij.ha«« 
phuric  acid  were  sealed  up  in  a  bent  tube,  and  being  brought  to  ^'''^- 
one  end,  heat  was  carefully  applied,  whilst  the  other  end  was 
preserved  cool  by  wet  bibulous  paper.  Sulphureous  acid  gas 
was  produced  where  the  heat  acted  and  was  condensed  by  the 
sulphuric  acid  above ;  but  when  the  latter  had  become  saturated, 
the  sulphurous  acid  passed  to  the  cold  end  of  the  tube,  and  was 
condensed  into  a  liquid.  When  the  whole  tube  was  cold,  if 
the  sulphurous  acid  was  returned   on  to  the  mixture  of  sul- 

eburic  acid  and  sulphate  of  mercury,  a  portion  was  reabsorbed, 
ut  the  rest  remained  on  it  without  mixing. 
Liquid  sulphurous  acid  is  very  limpid  and  colourless,  and 
highly  fluid.     Its  refractive  power,  obtained  by  comparing  it  in 
water  and  other  media,  with  water  contained  in  a  similar  tube, 

*  lo  the  PkUo$opkiemt  Tran$»etioni  for  1809,  p.  S85,  Sir  KverNrd  Homt  ha»  girf a  an  aceouot  </  « 
thcM  views,  in  ftp»per  eotiUed  Uinii  9n  tht  Subjtctof  Jinimal  Swrttioni. 


1  l^» 


appeared  to  be  nearly  equal  to  that  of  n'nter.  It  does  not  solid- 
ify or  become  adhesive  at  a  tcmperalure  of  O'  F.  When  a  tube 
containing  it  was  opened,  the  contents  did  not  rush  out  as  wiili 
explosion,  but  a  portion  of  the  liquid  evaporated  rapidly, 
cooling  another  portion  so  much  as  to  leave  it  in  the  fluid  state 
at  common  barometric  pressure.  It  was  however  rapidly  dissi- 
pated, not  producin;;  visible  fumes,  but  producing  the  odour  of 
Pure  sulphurous  acid,  and  leaving  the  tube  quite  dry.  A  por- 
tion of  the  vapour  of  the  fluid  received  over  a  mercurial  bath, 
and  examined,  proved  to  be  sulphurous  acid  gas.  A  piece  of 
ice  dropped  into  the  fluid  instantly  made  it  boil,  from  the  beat 
communicated  by  it. 

To  prove  in  an  unesceptionable  manner  that  the  fluid  was 
pure  sulphurous  acid,  some  sulphurous  acid  gas  was  carefully 
prepared  over  mercury,  and  a  long  tube  perfectly  dry,  and 
closed  at  one  end,  beiii^  exhausted,  was  filled  with  it;  more 
■ulphurous  acid  was  then  thrown  in  by  a  condensing  syringe, 
till  there  were  three  or  four  atmospheres  ;  the  lube  rcmaiaed 
perfectly  clear  and  dry,  but  on  cooling  one  end  to  0°,  the  fluid 
sulphurous  acid  condensed,  and  in  all  its  characters  was  Ilka 
that  prepared  by  the  former  process.  ^ 

Sulphurousacid  vapourexeris  a  pressure  of  about  two  a) 
pheres  at  45°  F.     Us  specific  gravity  was  nearly  1,42. 

Sulphuretted  Hydrogen.  (554).  A  tube  being  bent, 
!jIli°7o"^  sealed  at  the  shorter  end,  strong  muristic  acid  was  poured  ii 
through  a  small  funnel,  so  as  nearly  to  fill  the  short  leg  without 
soiling  the  long  one.  A  piece  of  platinum  foil  was  thun  crum- 
pled up  and  pushed  in,  and  upon  that  were  put  fragments  of 
sulphuret  of  iron,  unlil  the  tube  was  nearly  lull.  In  this  way 
action  was  prevented  until  the  tube  was  sealed.  If  it  once  com- 
mences, it  is  almost  impossible  to  close  the  tube  in  a  manner 
sufficiently  strong,  because  of  the  pressing  out  of  the  gas. 
When  closed,  the  muriatic  acid  was  made  to  run  on  to  llie  sul- 
phuret of  iron,  and  Ihtn  left  for  a  day  or  two.  At  the  end  of 
that  time,  much  protomuriate  of  iron  had  farmed,  and  on  plac- 
ing the  clean  end  of  the  tube  in  a  mixture  of  ice  and  salt,  warm- 
ing the  other  end  if  necessary,  by  a  little  water,  sulphuretted 
hydrogen  in  the  liquid  state  distilled  over. 

The  liquid  sulphuretted  hydrogen  was  colourless,  limpid, 
and  excessively  fluid.  It  did  not  mix  with  the  rest  of  the  fluid 
in  the  tube,  which  was  no  doubt  saturated,  but  remained  stand- 
ing on  it.  When  a  lube  containing  it  was  opened,  the  liquid 
immediately  rushed  into  vapour;  and  this  being  done  under 
water,  and  the  vapour  collected  and  examined,  it  proved  to  be 
sulphuretted  hydrogen  gas.  As  the  tem]jeralure  of  a  tube  con- 
taining some  of  it  rose  from  0°  to  45°,  part  of  the  fluid  arose  in 
vapour  and  its  bulk  diminished ;  but  there  was  no  other  change : 
it  did  not  seem  more  adhesive  at  0°  than  at  45°.  Its  refractive 
power  appeared  to  be  rather  greater  than  that  of  water :  it 
decidedly  surpassed  that  of  sulphurous  acid.     The  pressure  of 


I  vapour  was   neaHy  equal  to  seventeen  atmosphe 
nperature  oi'  50". 
The  specific  gravity  of  sulphuretted  hydrogen  appeared  to  be 
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Carbonic  Jlcid.  (643).     The  materials  used  in  the  produc-  f.,^ 

ID  of  carbonic  acid,  were  carbonate  of  ammonia  and  concen-  •='' 
(rated  sulphuric  acid  ;  the  manipulation  was  like  that  described 
for  sulphuretted  hydrogen.     Much  stronger  tubes  are  however 
required  for  carbonic  acid  than  for  any  of  the  former  substances, 
and  there  is  none  which  has  produced  so  many  or  more  power- 
ful explosions.     Tubes  which  have  held  fluid  carbonic  acid  weU    I 
for  two   or  three  weeks  together,  base  upon  some  increase  is    ' 
warmth  of  the  weather,  spontaneously  exploded  with  great  vio- 
lence ;    and   the  precaution  of  glass  masks,  goggles,  &C,  which 
are  at  alt    times    necessary  in  pursuing  these  experiments,  are 
particularly  so  with  carbonic  acid. 

Carbonic  acid  is  a  limpid  colourless  body,  extremely  fluid, 
and  floating  upon  the  other  contents  of  the  tube.  It  distils 
readily  and  rapidly  at  the  ditTerence  of  temperature  between 
33"  and  0°.  Its  refractive  power  is  much  less  than  that  of 
water.  No  diminution  of  temperature  to  which  I  have  been 
able  to  submit  il,  has  altered  its  appearance.  In  endeavouring 
to  open  the  lubes  at  one  end,  they  have  uniformly  burst  into 
fragments  wiih  powerful  explosions. 

Its  vapour  exerted  a  pressure  of  thirty-six  atmospheres,  at  a 
temperature  of  32°. 

Euchlorine.  (2S5).  Fluid  euchlorine  was  obtained  by  incio-  EwklwiM. 
aing  chlorate  of  potassaand  sulphuric  acid  in  a  lube,  and  leaving 
them  to  act  upon  each  other  for  twenty-four  hours.  In  that 
time  there  had  been  much  action,  the  mixture  was  of  a  dark 
reddish  brown,  and  the  atmosphere  of  a  bright  yellow  colour. 
The  mixture  was  then  liealed  up  (o  100°,  and  the  unoccupied 
end  of  the  lube  cooled  to  0°  :  by  degrees  the  mixture  lost  its 
dark  colour,  and  a  very  fluid  ethereal  looking  substance  con- 
densed. It  was  not  miscible  with  a  small  portion  of  the  sul- 
phuric acid  which  lay  beneath  it ;  but  when  returned  on  to  the 
mass  of  salt  and  acid,  it  was  gradually  absorbed,  rendering  the 
mixture  of  a  much  deeper  colour  even  than  ilself. 

Euchlorine  thus  obtained  is  a  very  fluid  transparent  substance, 
of  a  deep  yellow  colour.  A  tube  containing  a  portion  of  it  in 
the  clean  end,  was  opened  at  the  opposite  extremity  ;  there  was 
a  rush  of  euchlorine  vapour,  but  the  salt  plugged  up  the  aper- 
ture ;  whilst  clearing  this  away,  the  whole  tube  hurst  with  a 
violent  explosion,  except  Ihe  small  end  in  a  cloth  in  my  hand, 
where  the  euchlorine  previously  lay,  but  the  fluid  had  all  dis- 
appeared. 

Nitrous  Oxide.  (409),     Some  nitrateof ammonia, previously  k 
made   as  dry  as  could  be  by  partial  decomposition    by  heat  in  ° 
the  air,  was  sealed  up  in  a   bent  lube,  and  then  heated  in  one 
end,  Ihe  other  being  pieservcd  cool.     By  repealing  the  distilla- 
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tion  once  or  twice  in  lh!s  way,  it  was  round  on  ancr-examin»- 
tioD,  that  \-ery  little  of  the  suit  remained  u n d ceo m posed.  Tbtt 
process  requires  care.  I  liavc  had  many  explosions  occur  with 
very  slronR  lubes,  and  al  considerable  risk. 

When  the  tube  is  cooled,  it  is  found  to  contain  two  fluids,  and 
S  very  compressed  atmosphere.  The  heavier  fluid,  on  exami- 
nation, proved  to  be  water,  wlih  a  little  acid  and  nitrous  oxide 
in  solution;  ihe  other  wns  nitrous  oxide. 

It  appears  in  a  very  liquid,  limpid,  colourless  state;  and  so 
volatile  that  the  warmth  of  the  hand  generally  makes  it  disap- 
pear in  vapour.  The  application  of  ice  and  salt  condenses 
abundance  of  it  tnio  the  liquid  slate  again.  It  boils  readily  by 
the  difference  of  temperature  between  50°  and  0°.  It  does  not 
appear  to  have  any  tendency  to  solidify  at — 10".  Its  refrac- 
tive power  is  very  much  less  than  that  of  water,  and  less  ibaa 
any  fluid  that  has  been  yet  obtained  in  these  experiments,  or 
than  any  known  fluid.  A  tube  being  opened  in  the  air,  the 
nilrous  oxide  immediately  burst  into  vapour. 

The  pressure  of  its  vapour  is  equal  to  above  fifty  atmo^heni 
at  45". 

Cyanogen.  (712).  Some  pure  cyanuret  of  mercury  wM 
heated  until  perfectly  dry.  A  portion  was  then  inclosed  in  i 
green  glass  lube,  in  the  same  manner  as  in  former  inslaneei, 
and  being  collected  to  one  end,  was  decomposed  by  heat,  whilst 
the  other  end  was  cooled.  The  cyanoKeu  soon  appeared  ast 
liquid  :  it  was  limpid,  colourless  and  very  fluid  :  not  altering  Ha 
state  at  the  temperature  of  0°.  Its  refractive  power  is  rather 
less,  perhaps,  than  that  of  water.  A  tube  containing  it  being 
opened  in  the  air,  the  expansion  within  did  not  appear  to  be  very 
great ;  and  the  liquid  passed  with  comparative  slowness  into  the 
slate  of  vapour,  producing  great  cold.  The  vapour,  being 
collected  over  mercury,  proved  to  be  pure  cyanogen. 

A  tube  was  sealed  up  with  cyanuret  of  mercury  at  one  end, 
and  a  drop  of  water  at  the  other ;  the  fluid  cyanogen  was  then 
produced  in  contact  with  water.  It  did  not  mix,  at  least  in 
any  considerable  quantity,  with  that  fluid,  but  floated  on  it, 
being  lighter,  though  apparently  not  so  much  so  as  ether  would 
be,  in  the  course  of  some  days,  action  had  taken  place,  llic 
water  had  become  black,  and  changes,  probably  such  as  are 
known  to  take  place  in  an  aqueous  solution  of  cyanogen,  ocr  r- 
red.  The  pressure  of  the  vapour  of  cyanogen  appeared  to  be 
3,6  or  3,7  atmospheres  at  45°  Fahr.  Its  specific  gravity  was 
nearly  0,9. 

Ammonia.  (457).  When  dry  chloride  of  silver  is  put  into 
ammoniacal  g»s,  as  dry  as  it  can  be  made,  it  absorbs  a  large 
quantity  of  it:  100  grains  condensing  above  130  cubicalinchcs 
of  the  gas  :  but  the  compound  thus  formed  is  decomposed  by  a 
temperature  of  100°  F.  or  upwards.  A  portion  of  this  com- 
pound was  sealed  up  in  a  bent  tube,  and  heated  in  one  leg, 
whilst  the  other  was  cooled  by  ice  or  water.     The  compound 
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thus  heated  ander  pressure,  fused  at  a  comparatively  low  tem- 
perature, and  boiled  up,  giving  off  ammoniacal  gas,  which  cod* 
densed  at  the  opposite  end  into  a  liquid. 

Liquid  ammonia  thus  obtained  was  colourless,  transparent, 
and  very  fluid:  Its  refractive  po^ver  surpassed  that  of  any  other 
of  the  fluids  described,  and  that  also  of  water  itself.  When  the 
chloride  of  silver  is  allowed  to  cool,  the  ammonia  immediate!  v 
returns  to  it,  combining  with  it,  and  producing  the  original 
compound.  During  this  action  a  curious  combination  of  effects 
takes  place ;  as  the  chloride  absorbs  the  ammonia,  heat  is  pro- 
duced, the  temperature  rising  up  nearly  to  100^;  whilst  a  few 
inches  off,  at  the  opposite  end  of  the  tube,  considerable  cold  is 
produced  by  the  evaporation  of  the  fluid.  When  the  whole  is 
retained  at  the  temperature  of  60^,  the  ammonia  boils  till  it  is 
dissipated  and  re-combined.  The  pressure  of  the  vapour  of 
ammonia  is  equal  to  about  6,5  atmospheres  at50^«  Its  specific 
gravity  was  0,76. 

Muriatic  •^cid.  (366).  When  made  from  pure  muriate  of  Monwic 
ammonia  and  sulphuric  acid  liquid  muriatic  acid  is  obtained  *^''*' 
colourless,  as  Sir  Humphry  Davy  had  anticipated.  Its  refrac- 
tive power  is  greater  than  that  of  nitrous  oxide,  but  less  than 
that  of  water  ;  it  is  nearly  equal  to  that  of  carbonic  acid.  The 
pressure  of  its  vapour  at  the  temperature  of  50^,  is  equal  to 
about  40  atmospheres. 

Chhrine.  (270).  The  refractive  power  of  fluid  chlorine  is 
rather  less  than  that  of  water. — The  pressure  of  its  vapour  at 
60^  is  nearly  equal  to  4  atmospheres. 
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Mr  Brunei  having  been  enp^aged  during  three  years  in  en- 
deavouring to  apply  the  liquids  resulting  from  the  condensation 
of  the  gases,  as  mechanical  agents  has  succeeded  in  producing 
quantities  of  liquid  carbon  id  acid  amounting  to  a  pint  and  a 
half;  and  has  been  able  so  to  arrange  his  apparatus  as  to  con- 
fine the  substance  even  at  high  temperatures  by  tubes  of  brass 
not  above  the  ^V  of  »"  inch  in  thickness. — Quart.  Jour.  No.  xli. 

New  Orange  Gas:  A  German  chemist  M.  Unverdorben,  Nfwortnr 
has  discovered  that  after  mixing  together  fluor-spar  and  chro-  '^"'* 
mate  of  lead,  and  distilling  them  in  a  leaden  retort  with  sul- 
phuric acid,  a  gas  resulted  which  could  not  be  collected,  as  it 
destroyed  the  glass.  This  gas  gave  a  very  thick  yellow  or  red 
smoke,  it  was  readily  absorbed  by  water,  which  was  then  found 
to  contain  a  mixfnrt*  of  chromic  and  fluoric  acids.  On  com- 
ing in  contact  with  the  air,  it  deposited  small  red  crystnN, 
which  were  those  of  chromic  acid.  Prof.  Berzelin«i  collcclo<l 
the  gas  in  g1as«f  flasks  covered  with  melted  resin,  and  filled  with 
mercury.  It  gradually  attacks  the  resin,  depositi«  chromic  acid 
in  its  mass,  and  penetrates  even  to  the  glass,  which  it  decom- 
poses without  change  of  volume,  the  chrome  being  rrplnrrd  by 
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■ilieium.  AmmoDiacal  gas  burns  in  it  wilh  explosion ;  water 
dissolves  it  and  jields  an  orange  coloured  fluid,  which,  evapo- 
rated to  dryness  in  a  platinum  dish,  leaves  as  a  residue  pure 
chromic  arid  ,  the  ftuoric  acid  volatilizes  entirely.  This  method 
is  at  present  the  only  one  which  gives  chromic  acid  perfectly 
pure. 

If  the  pas  is  received  in  a  platinum  vessel  of  some  depth, 
whose  sides  have  been  slightly  wetted,  and  into  the  boliom  of 
which  the  gas  has  been  made  to  descend,  the  water  begins  to 
absorb  the  gas,  but,  by  and  by,  crystals  of  a  fine  red  colour  are 
seen  to  form  round  the  openingof  the  metallic  tube,  which  coa- 
veys  the  gas,  and  in  a  short  time,  the  vessel  is  filled  with  a  red 
snow,  cotisisline;  of  crystals  of  chromic  acid.  The  fluoric  acid 
dissipates  itself  in  vapour,  and  absorbs  the  water.  The  cni'stals, 
when  healed  to  redness  in  a  platinum  dish,  begin  at  first  U) 
melt  and  afterwards  by  a  slight  explosion,  accompanied  with  i 
flash  of  light,  they  decompose  themselves  into  oxygen  gas  and 
the  green  protoxide  of  chromium. 

A  gas  similar  to  this  is  obtained  by  di:itilling  chromate  of 
]ead  with  chloride  of  sodium,  which  contains  chrome  combined 
with  chlorine,  in  such  proportions,  that  the  water,  by  its  decom- 
position, gives  rise  to  the  formation  of  the  hydrorhloric  and 
chromic  acids.  This  gas  is  red  and  may  be  collected  over  mer- 
cury.— Edin.  Jour,  o/ Science,  iv.  laS. 

Naphthaline,  is  a  peculiar  cryslallizabic  substance,  which  is 
deposited  from  the  naphtha  distilled  from  coal  tar,  and  consists 
of  hydrogen  and  carbon,  containing  no  oxygen,  as  Mr  Brande 
ascertained  {Phil.  Trans.  1822,  p.  -173).  It  is  soluble  in  alco- 
hol and  ether,  and  in  the  fixed  and  volatile  oils.  It  has  a  pun- 
gent aromatic  odour,  melts  at  180°,  assuming  a  crystallized 
appearance  as  it  cools,  and  boils  at  about  the  temperature  of 
400°.  By  repeated  solution  in  alcohol  and  crystallization,  it 
may  he  obtained  of  a  fine  white  colour  and  pearly  lustre. 

Mr  Faraday  has  disfiovered  that  during  the  mutual  action  of 
■ulphuric  acid  and  naphlbaline,  a  compound  of  the  acid  with 
hydro-carbon  is  formed,  differing  from  all  known  substances, 
and  which,  possessing  acid  properties  and  combining  with  sali- 
fiable bases  to  produce  a  peculiar  class  of  salts,  has  been  dislin- 
.  guished  as  the  Snlpho-naphtha/tc  acid.  This  acid  is  best 
obtained  by  introducing  about  two  parts  of  naphthaline  and  one 
part  of  concentrated  sulphuric  acid  inio  a  flask,  the  tcmpi-rature 
bein^raised  until  the  naphthaline  melts;  the  flask  should  be  agi> 
tated  :  combination  takes  place  and  after  repose  and  cooling  in 
tubes,  two  substances  are  found,  both  in  the  solid  itnte.  The 
lighter  i^i  naphthaline,  containing  a  little  of  the  pei^uliar  scid  in 
union  wiih  it;  it  is  crystalline  and  hard,  like  common  naphtha- 
line, but  of  a  red  cilour  ;  when  melted  and  Hgit.iled  with  water, 
the  acid  is  washed  out,  and  the  n»ph<haline  separates.  The 
lower  and  heavier  sulistam'e  is  alsu  cry^tilline  b  ii  softer  than 
the  upper,  aud  cooaists  priacipally  of  ihe   bydrated  peculiar 
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acid,  containing  some  uncombined  naphthaline,  it  is  distinguish- 
ed as  the  impure  solid  acid. 

To  obtain  the  pure  acid,  carbonate  of  baryta  was  rubbed  in  a 
mortar  with  the  diluted  impure  acid  which  it  neutralized  form- 
ing salts  of  baryta.  The  impure  acid  containing  free  sulphuric 
•cid|  insoluble  sulphate  of  baryta  was  formed  from  which  a  solu- 
ble salt  was  easily  separated.  The  baryta  was  separated  from 
the  neutral  and  pure  solution  by  the  careful  addition  of  sulphu- 
ric acid,  the  liquor  after  filtration  was  found  to  be  a  pure  aque- 
ous solution  of  the  new  acid.  It  had  a  bitter  acid  taste,  changed 
the  vegetable  colours,  and  combined  with  and  neutralized  all 
bases.  By  evaporation  at  a  low  temperature,  it  yielded  the 
acid  in  a  white  solid  crystalline  form,  unchangeable  in  close 
vessels,  but  deliquescing  in  the  air.  Heated  to  212^  it  melted 
and  crystallized  on  cooling ;  at  higher  temperatures  it  gave  off 
water,  then  changed  colour,  charred,  and  ultimately  produced 
naphthaline,  sulphurous  acid,  and  charcoal. 

The  salts  which  it  forms  with  bases  are  all  soluble  in  water 
and  in  alcohol.  By  Mr  Faraday's  analysis  of  the  salt  formed 
with  baryta,  it  was  found  to  consist  of 

Or  nearly 

Baryta  .    •    .    •    78,00  .    .    •     1  proportional  ^ 

Sulphuric  acid     .     85,35  ...    2  proportionals 

Carbon       •    •     .  118,54  ...  20 

Hydrogen  ...      8,13  ...     8 

Abstracting  the  baryta  it  leaves  the  elements  of  the  acid. — 
Quart.  Jour.  No.  41,  p.  182. 
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Jicttate  of  alumina,  544 
ammonia,  541 
baryta,  542 
copper,  542 
iron,  542 
lead,  543 
lime,  541 
potaisa,  541 
Hlver,  544 
sodH,  541 
8trouiia,542,no/e. 
tin,  542 
zinc,  542 
•Acetic  acid,  540 

modes  of  obtaining,  540 
aoalpis  of,  541 
properties  of,  540 
ether,  545 
^celoxu  acid, 

obtained  from  wood,  540 
m^cidily^  osygen  not  eMential  to,  88 
mAcid^  muriatic,  formation  of,  113 
m^cidsj  fome  produced  by  hydrogen,  88 

and  by  chlorine,  b8 
terminology  of,  76 
law   respecting  their  eataration 

by  hase.«,  20 
Dietnllic,  214 
metals  oxidized  by,  214 
native    vegetable    enomeratedi 

499 
acetic,  540 
antimonic,  335 
antimonious,  335 
arfenic,  358 
arfenious,  358 
benzoic,  512 
boletic,  514 
boracic,  207 
camphoric,  490 
carbonic,  178 
carbo^ulphuric,  204 
cetic,  566 
chloric,  93 
chloriodic,  99 
chloro-cyanic,  200 
chloro-carbonic,  177 
chromic,  370 
citric,  508 

cotumbic,  377  ' 

ellagic,  514 
ferrureted  chyaiic,  301 
flaoboric,  265 
formic,  455 


^cids^  j;alHc,  510 

hydriodic,  117 

hydro-chloric.      See  Muriatic^ 

113 
hydro-cyanic,  200 
hydro-nuoric,  264 
h^dro-nitrtc,  128 
hydro-phof^phorous,  168 
hydro.8utphurou$,  148 
hydrothionic,  158 
h3'dro*xanthic,  204 
hypo-nitrous,  124 
hypo-phosphorous,  168 
hypo-sulphuric,  157 
hypo-sulphurous,  150 
iKiisuric,  497 
iodic,  97 
kinic,  514 
laccic,  492 
lodo-sulphuric,  158 
lactic,  553 
lampic,  537     « 
malic,  509 
margaritic,  566 
meconic,  495 
roellitic,  499 
moiybdic,  368 
molybdous,  368 
moroxylic^  513 
mucic,  552 
muriatic,  113, 114 
nitric,  126 
nitro-muriatic,  130 
nitro-sulphuric,  406 
nitrous,  125 
oleic,  566 
psalic,  504 
oxy iodic,  97 

oxy muriatic.    See  C/tZoftne,  88 
per-chloric,  95 
per  nitrous,  124 
phosphatic,  168 
phosphoric,  166 
phosphorous,  165 
prussic,  200 
purpuric,  557 
pyroligneous,  540 
pyromucous,  462 
pyro-tartarous,  501 
saclactic,  552 
•elenic,  356 
•ilici-fluoric,  428 
sorbic.    See  tAcid,  Malic* 
Btibious,  335 
suberic,  475 
tulphuriC)  150 


5'S4                                                    tHDKX. 

^^ 

.Aciii,  iiiIphuroiM,  148 

^/uminum,  420                                 ^H 

lulpliurettcd  L'liyaiic,  302 

^nuilga 

nu,  S19.    See  JHertuTf .       ^^M 

>iil|>ha-cjnnio,  302 

^mbtr. 

^M 

tBrtBric,  SOO 

Bcdof.    Set  SutcinU  AlU.  ^" 

telluric,  S54 

^mbergrii,  667                                             ' 

tunplic,  374 

^muian 

n,  prepBTBlion  uxi  qualiliei  wC 

nrio,  S57 

133 

iiiniic,  Q14 

specific  pBTilj  of,  ISt 

ma;      bo     inlliuiied    when 

psujiug,  10,  II 

miud  with  oijpifD,  13& 

^Jipvcin,  547 

action      of     cblonne     on. 

•Atrt/orm,  bodio.     See  Gnici, 

134 

Affiail^,  cbciuic*].    See  Chemical  Jf- 

chloral*  of,  136 

fimlH- 

ani.ljHs  of,  135 

'>f«|*rfsalioD,3 

rupfdlj  ond  iargeli  abiorbc^ 

electrVE,  13 

by  water,  133 

eompki.  15 

•all!  wilb  ba«  of,  136        ^ 

douhlc  elective.  IS 

inl1a<>»<.a[>on  of,  133         ^H 

■[niple,  Uble  df,  14 

wat^rof.  134                      ^M 

J.f,  pump.  14t 

bydrofluale  of.  36fi          ^H 

cojnpreMionof,  evolVM  heal,3t 

..rale  of,  661                       V 

c«r!»ona<e  of,  185 

l»l>  of.  54S 

bi-carbonate  of,  1S6 

Bllered  by  Lenl,  549 

iodale  of,  m 

oflhe  coBEulariDD  of,  549 

(eiqui -carbon ate  of,  IBS 

(takaoifm.  «  i«t  of,  549 

■Ulphate  of,  158 

AUohol,  converMon  of  siigur  iiilo,  588 

hjdrochlorateof.    SeeXii- 

(>t:aM,g  of,  529 

r.R(<,  136 

hydroiulpburet  of,  IGl 

Bti  enucl,  53B 

hydriodate  «f,  1311 

proper liM  uf,  530 

niiralc  of,  I3K                   ^m 

mixture  of  w^ter  with,  529 

cmriiite  of,  136           ^^H 

oomhuiliou  or,  530 

loluiion  of  copper  io,9fl^^H 

■iib'lHnce*  toluhle  in,  630 

oxalate  of.  506            ^H 

Hnaljtiiof,  531 

acetate  of,  541                ^H 

phcpbale  of;  1S9            ^M 

Bclion  of  Micii  nil.  531 

succinHle    or,     u    a   I^H 

nodes  orsiceriiiininK  il»  pu'i- 

494                              ^H 

ty,  589 

mal>l>date  of.  369          ^H 

(Olnhilit/   of    (ubBtunccB    in, 

Jmvio 

iaco  nmgoceian  pbo*plut*,  bi» 

530 

^mghn 

*,  46a 

of.u1phnr,202 

Jinalg. 

t,  (enu  iteDned,  SO 

^IgaraltCt,  powder,  335 

proiimale    and   ultimate,  10 

Alkali,  tilJoated,  427 

ullimale  of  orgajiio  lubtUa- 

volatile.     See  .^mmnnia, 

ce»,  4&6 

.Sltalitt,  Dative  Tcgitdblc,  4D4 

apparatut  for,  458 

.J/Ii>yf,  219 

of  earlht  and  ilooet,  438 

apt  to  leparate  when  io  rutioD, 

ninerHli  in  gtner.1,  438 

2« 

u.ii>erat      watcn,    444    447, 

trn..inotoBrof,2l9 

453 

their  insredienu  exift  in  deE- 

Anhyi 

oiu,  term  defined,  98 

nite  proportioDc,  280 

Amnw 

jtHy.     See  Ge(a(m<,  562 

qaslitiei  of  the  metali  altered 

i,i,565                                    ^ 

ia,  230 

lubrtancc!,  545                  ^^| 

Alvm,  431 

pruxioiBle  nrincinlei  of,  S^^^M 

Jtnlimimiatu,  33S                               ^H 

.^Ilt.WUl 

me  acid,  335                              ^M 

melhod  01' oblHining,  429 

ill  pro  per  tier,  429 

Anlim 

nUi:  335 

eqniTBlenlof,  431 

•Jnfimony,  332 

•iilphBte  of,  432 

node    of    obtaininc   pore. 

nitrate  of,   431 

332                                    ™ 

muriate  of,  430 

otide>  of.  333                    ^1 

ocetnle  of,  544 

XMDXX. 
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«(ffi/tifiany,  ii(nite^,  detonates  with  the 
Tapoor  of  water,  333 
chloride  of,  335 
talU  of,  "137 
phosphate  of,  337 
golden  fulphur  of,  336 
tulpliuret  of,  335 
glau  of,  336 

mode  of  aicertaining 
its  parity,  336 
bydro-sulpboretted  oxide  0^9 

336 
alloys  of,  338 
analysis  of,  339 
tartarized,  504 
•^ntiy  acid  obtained  from,  555 
Jipparaiut^  cbeDMcal,  76,  102,  108 

Woulfe^s,  80,no/e. 
Ji^ua  foTtii^  1S7, 129 

mode  of  ascertaining  tbe 

parity  of,  127 
See  At/fic  Add^  129 
regiay  130 
Arh^r  Dianae,  403 
jStrchil,  6i6 

jlrgeniine  dowers  of  antimony,  333 
Jkrrow  root,  469 
Jineniatu^  360 

Jintnic^  mode  of  obtaining,  357 
properties  of,  357 
tinges  copper  wbite,  367 
properties  of  wbite  oxide  of» 

358 
cbloride  oi^  362 
snipharets  of,  364 
separation  of,  366 
method  of  discovering,  366 
compound  of  hydrogen  with, 

363 
acid,  mode  of  obtaining^  350 
properties  of,  359 
iodide  oU  363 
alloys  of,  365 
Jintnitti^  359 
jintniout  acid,  358 
Autnurtttd  hydrogen  gas,  363 
JUparagin^  474 
JUphaUum^  498 
Aifnotplurit  air,  140 

weight  of,  140 
composition  of,  141 
conlainscarbonic  acid, 
145 
Al9mU  theory,  17 
Jiiomt^  simple,  3 

compound,  3 
component,  3 
elementary,  S 
organic,  18 
figure  ot^  8 

ultimate  of  bodiM,  weMt  of, 
18 
Ah&pia^  519 
JiUrtt$ii9n^ft 

74 


Attraction^  heterogeneous,  3 

results  of,  3 
Jhtnim  muHvum^  313 
Azotic  Gat,    See  Mtrogen. 
Aurate  of  potaisa,  411 


B. 


BaidwinU  phosphorus,  258 

Balloons^  103 

Bahamtj  492 

BariUa.    See  Soda^  Carbonate  •/. 

Barium^  266 

peroxide,  use  of  in  oxyge- 
nating water,  267 
hydrate  of,  266 
chloride  of,  269 
Barlu^  table  of  quantity  of  tan  in  diffe- 
rent sorts,  477 
Barometer^  rules  for  feducing  gases  to 

a  mean  height  of,  82 
Baryta^  hydrate  of,  266 

hyposulphite  of,  271 
ferrocyanate  of,  274 
properties  of,  2iB6 
carbonate  of,  274 
sulphate  of,  271 
method  of  procuring  pure,  272 
seleniate  of,  274 
iodato  of.  270 
arseniate  of,  361 
BarMim,266 

phosphate  of,  274 
sulphite  of,  fhl 
nitrate  of,  270 
properties  of  salts  ^of^  274 
chlorate  of,  270 
oxalate  of,  507 
acetate  of,  542 
test  of  carbonic  Mid,  267 
Batii^  in  dyeing,  478 
BeU-meiaLf  325 
Bentoa/e#,  513 
BcnMoic  acid,  512 
Bi'Cmrbonatc  of  potassa,  240 
of  soda,  250 
of  ammonia,  186 
Bi'Carkwetid  hydrogen*    See  OlcJUtni 

Gas. 
Bichloride  of  mercury,  386 
Bi-ndpkate  of  potassa,  236 
Bi-tartrate  of  potassa,  502 
BUe^  resin  of,  553 
of  the  ox,  553 
peculiar  matter  in,  554 
human^  572 
£tls,  calculi  of,  554 
BinoxaUUe  of  potassa,  606 
Bird  Ume^  470 
Mitmuik^  properties  of,  34i 
cMt  of,  340 
oUoMo  oil  S4t 


M    * 

^^^H 

'»•                                   mmx. 

^^H 

Biimulh,  rtlphnrelofMl 

CaUvm,  Buate  of,  S«3                  ^^| 

slloji  or,  34« 

Calculi, 

urinarf ,  &«0                         ^^ 

ilifun>«dt.troytheduclili- 

biliirv,  554                           ^^H 

t»  of  fold,  3*2 

CalicB-prinltng,  4M4 

fiifrir  principle,  4T3 

CaUmt: 

t,384 

Bitumtn,  etsMlic,  498 

Caloric, 

,   geDeral  obferTstioni  on,  91 

Bilununt,AVn 

Black  Ayt,  479 

21                                               ^_ 

Biack-Uad,  398 

deSniUonaof,  31                   ^H 

BleucAmif,  81,257 

repuU>n,31                         ^H 

£I(n<<t,  307 

eip«nd(badie>,t3               I^H 

fiJood   Bb>Drb>  OXVfren,  S4 

movei  imme..«n.blf  qak:fc3H 

Mrum  of,  548 

conducfing  power    of  bottiei 

>erotilj  of,  549 

for,  35 

cra»iBnientD<n  of,  548 

Ruoiford'tesperiiaeiitt,  38 

fibrin  of,  549 

red  |;lohdci  of,  550 

ill    colour  not  owing   lo   iron, 

gi»en    out    bj  inorek^inr  tb* 

5GI 

den*ilj  of  bodiet,   31 

Chp.iciij  for,  39 

rea«c(>Dn  of,  31                    _^m 

ml*,  J39 

ab>orplionor.  34               ^M 

Biea-iitpct,  105 

conduclnra  aT,  34                 ^^H 

wilh  Diyi^en  ind  hjdroeen, 

the  CBUK  of  liquidity-,  39  ^^H 

105.  106 

gjv-«a  out  by   liquid*  on  t^^ 

Btut,  prutiian,  299 

coming  (oh'l,  6 

nature  of,  300 

ITolved  during:  the  teparaliou 

£d ill n£  point.  111 

Of  a  lall  from    it*   loiuOaB,  ' 

of  mefcurj,  388 

43 

BoUlic  acid,  514 

tbe  came   of  rapour.  29,  41 

Bologna  phojphorui,  372 

ebiorbed    iu    rvaporaliati,  44 

Bonci,  669 

evLilvcd  ducinf  the  condeiua- 

dif  lillalion  of,  569 

linn  of  vapour,  45 

BaracU  acid,  modt  ofoblMuing,  306 

evolved  from   ftaae*  bj   me- 

native,  207 

ohaoioal  preiiurr,  3i 

propFMlei  of,  207 

abaorbed  durini;  lolulioD,  39 

com  pound  of  fluoric  witli,  !G5 

cbarcoal.  a    »orj   alow    con- 

Bora/^oftoda, S60 

ductor  of,  174 

Borar,  260 

•ipauiion  of  air  bj,  34 

Baron,  306 

liquid!  bj,  23 

Brain,  anslriig  of  Ibe,  567 

water  by,  35 

Brail,  3S5 

aolid.  bj,  33 

Broi^I  wood,  ap  a  <ije,  483 

.peciCe,   29 

BHIiih  EUiu,  469 

latent,  45 

Bremt,  39S 

Brookt't  blow  pipe,  100 

Brucio,  497 

ButltT,  668 

"  ^H 

ot  anlimonj,  336 

niiaat,  31                             ^H 

bitmutb,  341 

'Ptcifii,  39             ^m 

line,  306 

Caiarim 

31                                        ^H 

BrunnnVi  green,  381 

Calorim 

oror,  Hare^,  71                      ^H 

Camphi 

>r,  490                                           ^H 
acidification  of,  490          ^H 

c. 

artificial.  491                      ^H 

Caeufcftoui,  470                                  ^^ 

preparation   of   ether  ^H 

Cabbogi,  tincture  of.  10,  nolt. 

CaUartoui  ipar,  363 

mineral.  498                   ^^M 

Ca(rmiu>n,313 

Capacity  for  caloric,  39                      ^^B 

Carport, 

173                                       ^H 

Calction,  354 

chloride  of,  266 

compoundi  with  eblorio^^^H 

M7 


Carbon^  fiuioBof,  174 

and  hydrogen,   190 
hjdro^hlonde  of,  H^l 
hjdriodide  of,  192 
fnlpbiiret  of,  902 
decomposition  of,  203 
coAbinatioo  of  hydfof  en  with, 

190 
oxjgon  with, 
175 
pboepbnre t  of,  904 
€arhonate  of  amnonia,  185 
baryta,  274 
copper,  924 
iron,  299 
lead,  331 
lime,  261 
magnetia,  282 
potassa,  237 
soda,  249 
•trontia,  217 
OarbmUc  acid,  178 

composition  of,  180 
metbod  of  procuring,  181 
analyaif  of,  180 
properties  of,  182 
generated      In     several 
cases  of  combustion, 
183 
tests  of,  183 

gai,  quantity  of,  abi orb- 
,«d  by  water,  182 
weight  of,  183 
its  effects  on  Tege- 
Ution,  184 
its     combination    with 
chlorine,  177 
Carb9nic  oxide,  175 

method  of  procuring, 

ire 

propertiM  o<^  176 
Carburet^  76 

of  iron,  298 
of  nitrogen,  198 
Car5iire/ed  hydrogen,  190 

analysis  of  mix- 
tures of,  196 
Tarieties  of,  192 
■lethodt  of  pro- 
curing,    190, 
194 
combustion   of, 

190 
■pacific    graTity 

of.  190 
action  of  chlorine 
on,  191 
Osniitn<,483 

Cmsnut^  purple  powder  of,  412 
C!MMi«a,469 
Coflertnc,  556 
CSaflof ,  556 
CtUeehu^  476 
Getufie^JMiar,  408 


Cat94^272 
Cementaiiany  308 
Ctroiin^  463 
Cerebral  substance,  567 
Cert'n,  485 
Cerium^  352 

how  procured,  3MI 
ores  of,  353 
oxides  of,  352 
action  of  acids  on,  353 
CeruUn^  482 

Cerute.    See  WhiU  L%Qi. 
Cede  acid,  566 
Ce/tne,  566 

Chain  of  cups,  gaWanic,  64 
Chalk.  254 

Chameleon  mineral,  287 
Charcoal^  173 

how  obtamed,  173 
quantities  aflbrded  by  differ 

rent  kinds  of  wood,  174 
its  properties,  174 
imbibition  of  gases  by,  175 
resists  putrefaction,    174 
a  slow  conductor  of  caloric, 

174 
fusible  by  galTanio  electrici- 
ty, 174 
how    prepared    for    making 

ffiinpowder,  173,540 
See  Car6ofi. 
C^ee#e,  552 
CAemicai  laboratory,  rii. 

elements,    new    system  of, 

17 
attraction,  9 

how  >exerf  ed,  3 
causes  that    modify 

its  action,  3,  12 
experimental  illustra- 
tions of,  11, 12, 13, 
15 
of  compounds  the  re- 
sult of  the  affinities 
of  their  elements, 
12 
does  not  take  place 
at  a  perceptible  dis- 
tance, 10 
equivalents,  20 
C%emu/ry  defined,  1 

foundations  of,  2 
utility  of  its  study  as  a  sci- 
ence, 1 
object  of,  1 
classification  of  the  objects 

of,  2 
nomenclature  of,  75 
CJiUrate  of  ammonia,  136 
baryta,  270 
lime,  257 
potassa,  2tt 
soda,  247 
linMraii  99$' 
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CUm<  (Ihir,  191 

Ctlrie  acid,  pronertie*  of,  509           ^^H 

acid.  93 

analjtii.  509                      ^H 

propertiei  «r.  M 

Clyiiw.  of  nitre,  233                             ^M 

CWoriifiornitrairen,  131 

Coal,  497                                                ^H 

carbon,  187 

varietiet  of,  498                               ^M 

phoopharut,    109 

f^  from,  I9i                               ^B 

■r»Dic,  36t 

Coal  mine/,  6n  dsBip  of,  19&              ^H 

.odiqm,  9JS 

Coaling  lor  relorla,  163                           ^H 

oftilTer,  401 

effecl.c.niEbton,401 

carbonate  of,  346                       ^H 

lead,  338 

properties  of,  343                     ^H 

lime,  2S» 

oxide<  of,  343                         ^H 

CUoruIct,  91 

chJonde  of,  344                         ^H 

ChJariM,  88 

nitrate  of.  345                           ^H 

proloiide  of,  91,677 

talU  of,  344                                ^H 

pi-TOiide  of,  92 
Ljdrate  of,  89 

alloy*  of,  346                             ^^U 

Cacrulut  indicne,  p«CDliar  princigb^^^H 

nature  of,  1 17 

473                n^H 

aod   hydrogen  niei,   eOecti 

Ccchintal.  483                                  ^^M 

of  li);hl  on,  113 

Coffa,  533                                          ^H 

eiploiionof,  113 

Cohuive  affinity.  3                           ^^H 

Ce/.(».on,  fate  CoAe.ife  jlJfiailyA^^ 

89,  519 

Co*.,  175 

nilrogeu,  131 

'       40,44,48 

hydrogen,  113 

produced  by   rBrefaclion  of  air. 

•ctioD  on  ammonia,   134 

31 

metal),  315 

tublei  of  mixlurea  for,  40 

onion  wilh  cyanogen.  300 

Colminng  lualler,  47lt 

carbon     und      its 

Calouri  changed   by  chenicaJ  aclkw, 

11 

^^^b                                                     158 

vegetable,  de.lrojed  by  chlo- 

^^^H 

tine  ga,,  91 

^^^^^,                                   phoi-phorui,  1S9 

^^^H^^_                                 of 

CoIiim6><m,376 

^^^^^^^B 

the  lame  as  tanlnlani,  776 

^^^^^^^m                     OB 

bgw  obtameit  frooi  taata- 

^^^^^^^^^^^ 

lile,  377 

^^^^■ipgr 

Oa^EU,88 

bodie.,  10 

how  formed,  BB 

itt  properties,  89 

m  oxygen  -a^  S4 

condewible  ii.Io  a  liquid, 

increatea    the   weight  of 

89,5')9 

bodiei,  87 

BbiorbabJs  by   water,  90 

in  Btmoipheric  oir,  141 

ChloriodaU,,   99 

CA(<>r><i>J>tacid,   99 

result  of  the  affiuitiea  of 

Chhrophane,  2G3 

Iheirpart.,  IS 

Cftolf.ff  ritw,  554 

Candvrlari  of  caloric,  35 

CftroBifUfn,  370 

Cangtlalion.  srlificial.  40,  48 

<7Arl«TW((c.n«d.371 

of  potBMa,  371 

of  .ufface,  33 

Chrome  jellow,  372 

Capper,   niclhod  of  puriftiDa,  317      ^^ 

,     CAruFwe  add,  370 

oiidex  of,  118                       ^^1 

Chi/a«e  acid.  301 

chloride,  of,  319                 ^H 

CVn•^^')t.ia,  517 

persulphate  of,  393                ^H 

CAylt,  {i7  1 

nitrate  of.  330                  _^^H 

CAjnw.  570 

plales,  prererration  of,  3|^^H 

pliospliale  of,  323               ^H 

■Danufnctnreor,  391 

borate  of,  394                      ^H 

native,  301 

■ub-><i]phele  of.  333              ^H 

C;(i.m,  5S3 

lulphite  of,  3¥i                    ^H 

Cxlralf,.  5i« 

carbonate  of,  334                 ^^H 

■uper-carbonate  of,  3t4     ^H 
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Oofpefy  hjdrated  per-oside  of,  SSX 
permariate  of,  319 
proto-muriate  of,  320 
action  of  chloriue  on,  319 
acetate  of,  54S 
•niphoret  of,  392 
phoflphuret  of,  333,  note. 
combination  of  ammonia  with, 

321 
allojs  of,  325 
ferro-cjanate  of,  3S4 
arseniate  of,  3^  1 
reduction  of  orei  of,  32t 
mode  of  detecting,  3S6 
Cork  and  its  acid,  475 
Corrotite  sublimate,  386 
Cslfon,  475 
Cei/oa-mittf,  probable  canse  of  fires  in, 

488 
Cream  of  milk,  551 

of  tartar,  50S 
CVociM  metallorum,  336 
Crjfopkorus^  48 
CiytiaUisationj  4 

conditions  for,  4 
wat  A  of,  5 
how  promoted,  6 
influence  oflight  upon,  6 
connexion      of     with 
cbemistrj,  9 
Cryttali^  stmctnre  of,  7 

large,  bow  obtained,  6 
CuptUaiion^  408 
Cuni,551 
CuitcU^  562 
cyanic  acid,  198 
C^anideMy  199 
CJfonogtnj  198 

bow  obtained,  198 
its  properties,  198 
analysis  of,  199 
and  iodine,  800 
and  hydrogen,  SOO 
C^fOfiuref,  199 
C^tc  oxide,  561 


D. 


JktUon^  Mr  bb  lyttem    of  chemical 

elements,  17 
DttnieWe  experiments,  8 
Deeon^osUion,  efiTected  by  galTaniun, 

65,67 
simple,  14 
DeUquticenee^  5 
Davy'^M  theory  of  chlorine,  116 
JJelpkia,  497 

Deoxidising  rays  of  light,  54 
Detonating  powders,  SS9,  333,  133, 

400 
Dcu/oxufex,  76 
i>tif,49 


Diamond^  pure  carbon,  173 

combustion  of  the,  178 
Diabetic  urine,  560 
Differential  thermometers,  39 
Digeetion^    secretions  subserTient  to, 

570 
Dilatation.    See  Expamion, 
DippeVs  oil,  546  ' 

Distillation^  1 10 
Ductile  metah,  213 
Dutch  gold,  325 
Dyeing^  art  of,  478 

colouring  matters,  483 


£. 


Earths^  means  of  separating,  440 

Ejfloreseence^  5 

Egg,  yolk  of,  567 

Egg*,  567 

£/<itne,  566 

Elattte  gum.     See  Caoviehouc* 

EloMticity,  increased  by  caloric,  43,  47 

of  metals,  312 
Elective  affinity.     See  Jijfinitff. 
Electricity,  chemical  agencies  of,  65 

theory  of,  59,  173 
Electro  magnetiim,  65 ' 
Electro-negatire  bodies,  66,  75 
Electro-poeitire  bodies,  6<$,  101 
Elements,  chemical,  defined,  31 

new  system  of,  17 
Emetin,  474 
Eliqualion,  332 
Epsom  salt.     See  MagneHa,  snlphate 

oC 
EquivaUnttj  chemical,  defined,  30 

scale  of,  20 
Esseniial  oils,  489 

Ether^  effects  of   caloric  on,  42,  533 
solniion  of  pbovphorus  in,  533 
gold  in,  533 
platinum  in,  533 
methods  of  preparing,  531 
purificatu»ri  of,  533 
analyMfl  nl',  534 
acetic,  545 
chloric,  191 
hydriodic,  539 
muriatic,  538 
Ether ^  nitric,  637 

suipiniri^  531 
Ethiopt  martiHl,  291 
Euchlorine,  91 

Eudiometer,  Berthollet's,  144 
Scheele\  143 
Dcebereiner's,  145 
HopeV,  143 
Pepys\  144 
Davy's,  144 
Volta's,  142 
Ure's,  1«3,  noU. 


690 
Eadiomtlcr,  i 


ETaporaliug  veueli,  46 
EaeireriUuK  occuiDiiFil  by  caloric, 
deGnea, 4 

Exparuien,  S3 

ofaolidibj  heat,  32 

liquid!  b;  do.  23 
gBtM  bj  da.  24 


Inw  of  as 
£x;iarutan  ormprciiry,  !♦ 

EzlracI  vegftiblc,  iTi 
Eyt,  humoun  oftLe,  555 


Farina.     S«e  SlMTck. 

Ji'ii/orBnimBl',  565 
FealkfTi,  565 
Fefmrntalion.t'moai,  i 
Femeganitle  < 


Fuming  Uqnor,  Bojle' 
Libavi 
fungi  n,  474 
^'ujiea,  crjitali  rormtd  bj,  B 

wnterj,  6 
FutibU  iDctal,  349 
olctai.501 
f  iwlic,  4S3 


I 


,  niMbud*  or  obtainiDf,  iVt 
compoiitioo  or.  Sit 
properti«>  at,  511 
OalU.  linclure  of,  as  a  lot,  512 


ield  II 


.  41S 


GbU  : 

a  pigBient,  SS4 
Galranic    arrange melitf,   cm 
of.  64 
balit^}.  Hare'*,"?* 


le.  63 


ofpolat 


appai 


4 


Ferrunltd  chyaiic  acid,  301 
Fibre,  woodj,  415 
Fibrin,  of  the  blond,  549 
Ftntry  cinder,  290 
Firt-damp 


nical   agencici  nl,  G5, 


atllo 


FiiA,  Hsalei  o(,  56Q 

retpiratinu  of,  574 
Fixed  oiU,  486 
f7inff,  4!6 

liquor  of,  497 
f7ov<r«of>ulphur,  149 
Flaatt  al  ttDiaomii.  26S 
Fluobcne  aoid,  965 
Fluarit  acid,  mode  oroblaining-,  SG4 
filicalcd,  4SU 
tijdro- fluoric,  or  liquid, 

363 
compnand  of  boras  wilb, 

decompiled    by  polaiii- 
uin,  i64 
Flaarint,  S63 
riuT,  black,  357,  no«. 
/■nmiic  arid,  565 
Freenng  miidire*,  40 
•pparafiu,  4t 

in  vacuo,  Lcilie'e  method,  47 
Frait-bearir,  48 
Fulminaltng  gold,  41 1 

raercnrj.  390 
platinutu,  430 
powder,  833 
tiJver,  400 


Ihcorj  of  the  changM  pi»- 
)5  doced  by,  66 

aiooke,  103    Gaiit,  espan'inii  of  by  ttcuL,  i* 

condeiitible    by    preHDt«    into 


melliod  of  weighing,  81 

trwufeninp,  81 
give   oat   their  latent  h<at  tf 

compreition,  31 
tendency  to  becoinc  Ihofougb- 


volunet,  18( 
Tulei  for  reducing   to  >   me 
ptcMnre  and  tEmpcraturc, 
tend  lo  mia  together,  105 
liqiicfactiDD  of,  575 
OachaUtr,  711 
Cfoj,  am  maniacal,  133 

arieniirelted  hydrogen,  363 
axotic  ornilrogen,  1)9 
bi-carbtirat  of  hydrogen,  167 
carbonic  acid,  178 
carbouio  olide,  176 
carbureted  hydrogen,  110 
coal,  I9J 
oblorine,  88 
eucbloric,  0> 


IVMBX. 


m 


Qa$y  fluoberie  acid,  165 
hydriodic  acid,  117 
bydro-pho»phoric,  ITS 
hydrogen,  101' 
bjrdro-zincic,  908,  noH 
muriatic  acid,  ll3 
nitric  oxidp,  122 
nitrogen,  1 19 
nitroiM,  122 
Bitrona  acid,  125 
nitrous  oxide,  120 

its   parity  \mf  as- 
cartained,  121 
oil,  193 
olcfiant,  190 
ozjgen,  83 
ox  J  muriatic  acid.    See  Chhrim 

gas.  * 

phosgene,  177 

photphiireted  hydroi^n,  170 
potatisiureted  hydrogen,  231 
pruuic  acid,  200 
siticated  iuoric,426 
sulphurpted  hydrogen,  18B 
sulphurous  acid,  148 
tcHureted  hydrogen,  356 
Oa$  lii^hts,  193 
Gaslrtc  juice,  570 
Ottwinerer,  77 

merourial,  79 
Oalo/tne,  properties  of,  50S 
test  of,  563 
decompotitioB  of)  612 
OOding  of  steel,  533 
€Ma«#,  bow  made,  427 

decomposed     by    bydro-flnoric 

acid,  438 
tingvd  blue  by  laflhi^  846 
of  antimony,  338 

mode  of  Mceriain* 
ing    ita   purity, 
336 
of  borax,  250 
OlauherU  soli.    See  SiOpkaU  •/  S9dm. 
GlMitne,  471 
Olu€ina^  method  of  obtaining  it,  435 

its  properties,  436 
Ohtemum^  435 
GHie,  563 

Olulen^  vefcetable,  470 
6e(rf,  malleability  of,  400 
ductility  of,  409 
chloride  of,  410 
oxides  of,  409 

fulminating  componnd  of,  41 1 
reviTal  of,  412 
precipitants  of,  412 
solution  ott  in  ether,  418 
solvents  o^  410 
coins  of  U.  S.  416 
sulphuret  of,  413 
phosphurot  of,  413 

auiTalent  of,  418 
oys  of,  414 


OoH  fineness  of,  416 

its  colour  destroyed  by  'amni^ 

and  antimony,  416 
imitations  of,  421 
ita  ductilitf  destroyed  by  being 
kept  in  /usbn  near  melted  bia. 
muth,  342 
analysis  of  alloys  ef,  415 
OeMen  sulpbuf  of  antimony,  336 
Goulard*t  extract,  544 
Gratel^  urinary,  560 
GraxUalion^  3 

Orami$fj  specific,  effrat  of  chemical 

union  on,  12 
of  gases,  83 
fvater,  standard  of, 
111 
Chi0imeum^  492 
Gum,  46 1 

composition  of,  462 
British,  469 
elastic,  470 
Gum-resinsy  493 
Qunfovfdtfj  compositioo  of,  233 
peculiar  kind  oC  230 
preparation    of    charooal 
for,  173, 540 
OuTMjfU  blow  pipe,  106 
Gypsum^  269 


H. 


Hare'*t  blow  pipe,  105 

/Mr,  method  of  staining  it  black,  404 

analysis  of,  566 
Beai.    See  Giierse. 
animal,  574 
table  of  laUnt  bcirt,  46 
Htmaim^  473 
Hepart,    See  SulphurtiM, 
H^fnk^rg^s  pyropborus,  432 

sedative  salt.    See  Barade 
Jicid. 
Hofuy,  464 

stone,  490 
Hordeifiy  467 
Hom^  565 
Horn  Uod^  328 
HouMt4tek^  malie  acid  obtained  from, 

509 
HufMUfM  of  the  eye,  656 
Iljfdraiiy  what,  1 1 1 

of  chlorine,  89 
of  cobalt,  346 
of  copper,  321 
of  lime,  256 
of  magnesia,  270 
of  potame,  227 
Hytfrte<fa/e«,  118 
HydH^dU  acid,  1 17 
Hydro-chloric  acid,  113 
Hydro-eyanU  acid,  200 


^H                                                                      ^^^^^^1 

^^M                       Bifirt-gvaric  aci<I,  9I!3 

^H                     Hgdregin,  an  addifjinit  principle.  SS 

ifxpa-nifrow  aoid.  lU                  ^H 

^^■^^^                           deutoiide  or    peroiide    of, 

^1 

^^^^■_                    aei 

^^M 

^M 

^^^^^^H                         doea   nal  itipport  coiubut- 

^^^H 

^1 

^^^^^B                         or 

qaanlitj  of  calorie  abiorbed  IrV^ 

^^^^^H                        explode*           oijgcn,  104 

liquefaction  of.  39 

^^^H 

thawing,  its  lemperalurc  anifonnlj 

^^^^^^^^H                         nuidckl  (oDei  produced  b*. 

the  aame,  39 

^^^^B                                 105 

lighter  than  water,  37 

/nrh,  cubic,  of  water,  lit 

^^^H                            31S 

Indigt,  479 

^^^H                                 tOl 

«nalj.i.  of,  4T9 

^^^^^^H                               method  of  procuring, 101 

value  of  Low  found,  430,  Mt(. 

^^^^^^H 

Indigegtnt,  482                               ■^^^ 

^^^^^^H                               OBulioD  with  respect  to 

^H 

^^^^M                                              103 

fyropathetic,  344                  ^^H 

^^^^^B                                            of.  103 

Inligral  moltcotet,  B                      ^^^^| 

fnufin,  474                                          ^^H 

^^^^H                                                   108 

/odafrf,  911                                            ^^M 

^^^^^^H 

of  ammonia.  13ft               ^H 

^^^^^^^^1                                bent                       hv 

/ndic  acid,  97                                   ^^M 

lodidi  of  niirogen.  132                  ^^M 

^^^^^V                                combiiiHlion 

/ai/idti,                                                   ^^H 

^^^^M                                              113 

/Ddtnc,  ditoorcrj  of,  96               ^^M 

^^^^^^1                                 forma  an            gai   with 

proprrliei  of,  97                 ^^^H 

^^^^H                                                         1)7 

lormian  acid    gw  witk  l^^H 

^^^^H                                 >olulioiiofiincin,308 

117                            ^^M 

^^^^H                                 anenuKled,  363 

hdtne,   aulphuret  of,  1S8 

^^^^H                                     carbureted,  190 

^^^^B                                 phonphurelcd. 

form,  aoida  with  oxjrfW,  97 

^^^^B                                                       15B 

form,  acids  wiUi  chlonne,  n 

^^^^H                                                               STS 

nature  of,  99 

^^^^^^1                                     (Uper-fulphiireted, 

source*  of,  100 

^^^^H 

■tarch  a  delioata  teit  of,  100 

^^^^^^H                                arltnureted,  351 

fod«r*(Qf,(8r<;b,4C6 

^^^^^^^H                                     iulphureled,  compoundi 

/Ddouacid.98 

^^^^^1                                         of,  witb  metal!,  SJS 

Iprcacuanha,  emetic  principle  of,  *M 

^^^^^B 

Indium,  3fli 

^^^r 

Iran,  pro|ierlie<  of.  «90                              , 

^^^^^                                                              torfiuft. 

oxldeiof,  390                            ^^m 

/Tydroirurdtif  iulpbur,  162 

aolioi.  of  water  on,  XM       ^H 

HjdrB7fK/<r,  657 

Gbloride>.,4g3                   ^^M 

flj/dro-n.Vm  aeid.  128 

■aid  of,  393                           ^^M 

HypimHToMi.  1S4 

sulphate  of,  996                    ^H 

»jdrofuIpAuricHcid,  158 

HWro-eiid<r  of  cobalt,  34S 

.ulphale  of.  296                     ^H 

copper,  321 

nitrate  of,  995                           ^^M 

[                         fTjNffo  phoiphoTic  jrar,  173 

muriate  of,  494                      ^^H 

Hjrfro  *ui/)fcur«(  of  ammonia,  161 

oialateof,507                        ^H 

tauno.RalUte  of,  SIS              ^H 

blacken  i-lats,  161 

pho<.phale  of,  99S                    ^^M 

acetate  of,  543                      ^H 

/fyrJra-JAisniracid,  I5S 

prntocarbonate  of,  M9           ^^* 

Hydroxanltiic  acid,  W4 

Milpburetof,  895 

bi-tulpborel  of.  S96 

/fydro  aincie  pat,  308 

combination  of  carbon  willi.tH 

Ilggnrntttr,  146 

ca«t,  or  crude,  301 

(inniuR  of,  »i                     _^H 

letts  of,  301                          I^H 

hinglai;  563                                ^^H 
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litria.    See  Tilrui.  * 

T9or^,  669 

method  of  coTering  with  lilver, 
404 


J. 


JeUjfy  animal.    See  OeUUinti 
Tegetable,  562 


Kermes  mineral,  336 
Kinie  acid,  514 
KoumiiM^  553 


Zdihoratorjf^  portable,  444 

IjoHc  acid,  493 

JLaciie  acid,  553 

Laktt^  how  obtaioedi  482 

Lamp^  safety,  195 

Lamp'blaek^  174 

Zfard,  565 

Lateni  heat.    See  Calorie. 

Lead^  moljbdate  of,  370 

method  of  purifying,  326 

properties  £f,  ^7 

oxides  of,  327 

chloride  of,  328 

purification  of  gold  and  siWer 
by,  408,  415 

danger  of  keeping  water  in,  327 

sulphate  of,  330 

nitrate  of,  if9 

snb-nitrate  of,  329 

chloride  of,  328 

chromate  of,  371 

carbonate  of,  331 

acetate  of,  543 

.  its  use  as  a  test,  544 

bin-acetate  of,  543 

sulphite  of,  330 

alloys  of,  331 

arseniate  of,  361 

tests  of,  330 

•phosphate  of,  331 

sulpharet  of,  329 

gummate,  462 

saccharate  of,  464 

amylate  of,  469 

tannate  of,  477 

method  of  detecting,  in  wine, 
330 
Leaf-gold,  409 
Leather^  564 

XfemoTu,  acid  of.    See  Ciirie  JicUL 
Leucine,  564 

Libaviue,  fuming  liquor  of,  311 
Life,  supported  by  osygen  gai,  84 
Ligamenisy  664 

75 


Lights  optical  and  chemical  effects  of, 

49 
Lignin,Al^ 

starchy,  469 
LinUy  borate  of,  263 

properties  of,  254 
hjrdrate  of,  255 
milk  or  cream  of,  265 
carbonate  of,  261 
sulphate  of,  259 
sulphite  of,  258 
sulphuret  of,  258 
chloride  of,  256 
iubcbloride  of,  257 
assay  of,  257,  note» 
fiuate  of,  263 
hyposulphite,  258 
nitrate  of,  257 
muriate  of,  256 

cold  produced  by ,256 
oxymoriate,    (sub-chloride)    of, 

257 
chlorate  of,  257 
phosphate  of,  261 
phosphuret  of,  260 
tungstate  of,  376 
oxalate  of,  507 
citrate  of,  509 
acetate  of,  541 
stone,  254 
water,  255 
Liquefaction,  39 

of  gases,  576 
Liquids,  expansion  of,  by  heat,  23 

manner  in  which  they  copdact 

heat,  36 
give  out  heat,  on  becoming 
M>]ids,  42 
Lithia  or  Lithina,  discovery  of,  251 

how  obtained,  251 
distinguished     from 
other  alkalies,253 
muriate,  252 
phosphate,  253 
carbonate  of,  253 
nitrate  of,  252,  note, 
ralphate  of,  253 
Liihium,  251 

chloride  oi;  262 
Xrt7inii#,  525 

its  use  as  a  test,  625 
Liter  of  antimony,  336 
Logomeirie  scale,  20 
Logwood,  519 
Lwnm  cornea,  401 
Limar  cMostio,  403 
LupuHn^  620 
X^ympA,  664 


Madder^  616 

]aktfroa,48l 
Magiiterp  of  bfaoiatl^  341 


H                    SS-t                                                               IRBBZ. 

^^ 

H               MAgmui^Ui 

Mercury,  oiidei  of,  melhadi  of  aKM- 

H                                    pra|>erliei  of,  SIS 

tainuig  Ihe   poli- 

■                                   h7(tr.lc:<.r,ST9 

ty  of,  3U3 

H                       b»<^  or.  37S 

chlorides,  384                         ^H 

^1                                  carbonate  of,  389 

sulphare  of,  392                    '^H 

^1                                   chloride,  ^19 

of,  3^9                         ^M 

^H                                  curbonale  of,  ind  Potassn, 

aubprmilrait  of,  389           ^^1 

■                                       9il3 

per  Dili-ate  of.  J.  9                 ^M 

ojanide  of.  393                       H 

^H                                   lulphale    of,   aad  Po(a>», 

fulminating,  3M>                  ^ 

^B                                      ZH'l,  nolc. 

■uhmuriate  of,  384                  ^H 

^h                                 tulphue  or,  SBO 

Kctton  ofchluriDe oti,3M    ^^B 

^^^                                         VodeofBfcer. 

ailoj^  of,  394                                " 

talpUrefof,  39! 

^^^H 

MtiaU 

their  comparutire  power  ofoM- 

^^^^P                                   or.  380 

duci.ng  h.^«t.  35 

^^                       nitrate  of,  379 

of  reflecting  heal,  109 

osalflto  of,  S07 

futed  and  Ignited  bj  eleclHcilj 

acetate  of.  bVZ,  noU. 

and  galvaMim.  M 

teili  of  lalU  of,  2H3 

cldMifie.tion  ol.  209 

J(fu^«(<.m.eleclrn.65 

generHl  properliea  of,  209 

JHalic  acid,  method,  of  obtainins,  509 

ei|)Hn>ibilitji  of  b>  htai,  M 

properliei  of,  610 

iptcifii.  gravilivt,  310 

the   t»>ue  with   Ihe  torbic 

ordtr  in  whith  they  reflect  Ucbt 

acid.  510 

and  heat,  2t)9 

Mall'abiUly,  m 

comparative  (enauil  j  cvf.  2U 

Maliha,  J  9a 

chetiiicdl  property,  of,  313 

Mailing,  couverll  March  iDtoouKar.  467 

oairlotifnor,  S14 

•uellind  of  cakulalinc  the  Mr- 

oxido  of,  3116 

Ken  atquireil  bj,  117 

BClian  of  luuriatic  acid  on. 

proporliDO  of  osy^D  neccnarj 

287 

forthe.olutioiiof,  fil4 

•a1t>  of,  SBQ 

different  itagea  of  oxidalioa  of; 

coiDpoiitid    of    ill    oxide 

76 

with    potaisa  gives    dif- 

acusuof hvdrosen,  SIS 

ferent  coloun  witb  wa- 

water, '216 

ter.  Slt7 

nitric  acid.  ai6 

nlphmle  of,  tSS 

ofaulphor.sn 

Mmganuialt,,  iOl 

■ulphureded  hf- 

Man„a.  465 

drogeD,  918 

Marble,  254 

chlaruie.fl5 

Margaritit  acid,  56S 

fodioe,  tl5 

JBumol,  3i7 

pho^phoni',  SI  8 

carbon,  2l9 

light,  829  Mtt. 

alinjsof,  S18 

XtdtanUal  diriMon,   inHnence   of,  on 

Binnlgami,  218 

affinilj  or  aolulion,  12 

their  (lualiliei  allcTedin  anon, 

pnuote.    See  Prciiurt. 

i!SO 

Mtdullin,  476 

malieiible.il! 

Melauti,  463 

tenaciiT  of  fcvera),  SIX 

Melltlt,  499 

Melto 

ic  ilone..  all  conUin  iiod  alloj. 
ed  with  nickel,  SSO 

Mrlltlic  acid,  499 

D/mie  fait,  458 

Minachanilt,  350 

MM, 

deteription   and    properties   of. 

Mercurial  (tough,  Newman'*,  79 

6&1 

Mtrtvry,  coujielation  of,  383,  41 

app«atu.for,4l 

•ngar  of,  562                           _^H 

combinalion  of,  with  pota»il- 

ac1dor.55S                                 ^H 

uiu,  304 

JVmdcroiu'j  spirit ,  Ml                    ^^H 

it>  (peoific  graiitj   increMed 

Jtfmcralt,  general  direction!  for  (hl^^H 

by  congelation,  383 

amioatiDO  of.  43B           ^^ 

M\ntTal  pilch,  49U                                 ^^| 

oxjdw  of,  3B3 

Mile 

ol  water),  anatj&U  of,  4U      ^H 

M* 


Mineral  waten,  examfnaAkm  of,  bj  re- 

agento,  445 
sabftancet  that  may 
be  expected  io,  and 
■leant  of  detectiiur, 
446  ^* 

Dr  Murray^s  formula 
for  the  anal? sis  of, 
463 
JIfmtifm,  327 
JloUeuU^  integrant,  8 
MUyhdaU  of  poUssa,  370 
of  lead,  370 
of  soda,  370 
Jfe^^Menttm,  ore  of,  368 

mode  of  obtainiDg,  368 
properties  of,  368 
oxidet  of,  36U 
Jiolphdit    acid,   mode  of   obtaioinf, 
369 
properties  of,  369 
Mtlybdous  acid,  368 
Mordauni^  what,  478 
Moroxjflie  acid,  513 
Morphia  or  JUarphme^  495 

ho«r    procured, 

495 
its    propertiet, 
495 
Jlffcetld^,  461 
Mueotu  acid,  462 
Mueie  acid,  552 
Mnnu^  554 
Jiulberry  calcali,  561 
MuUipUty  law  of  combiaation  in  sim- 
ple, 18 
Mwriaic  of  ammonia,  136 
barjta,  269 
bismuth,  341 
copper,  319 
iron,  294 
lead,  328 
lime,  256 
mag;nesia,  279 
■erooiy,  384 
potassa,  228 
silTer,  401 
•oda,245 
•troDtia,  275 
tin,  311 
ainc,  306 
Munaies^  bjrperoxjgenixed.  See  Chlo- 

rides, 
MwritUU  ncid,  synthesis  of,  113 

procoM  for  preparing, 

114 
its  properties,  114 
gas,  mode  of  obtaining, 
114 
its    attraction   for 

water,  1 15 
becomes  liqu  id  an- 
dc^r  pres8ure,579 
ethtr,  538 


Jfumilf  nr«  formula  foraiialyiii«fj 

eral  waters,  453 
Jlfuicie,  con\erted  into  fat,  547 

component  parts  of,  564 
Jtfturomtfa  sugar,  463 
Muthrooniit  peculiar  substance  extract* 

ed  from,  526 
JtftuKol  sounds,  from  burning  hydro- 
gen gas  under  a  tube,  105 
Myriea  eeriftra^  hemes  of,  contain  wax, 

485 
Myricin^  485 
MjfrtUnWax^  485 


N. 


J^aphiha^  498 
J^apMhaline^  580 
Narcotic  principle,  495 
Aeu/ro/tM/ioii,  10 
JVic4:e/,  method  oi  piirifyii^,  378 
properties  of,  3'*  9 
chlorides  of,  ^9 
iodide  of,  380 
sulphuret  of,  360 
sulphate  of,  3U0 
carbonate  of,  301 
how  to  detect  small  quantities 

of,  382 
arveniate  of,  381 
alloyed   with    iron    in  all  mc*> 
tf  oric  stones,  381 
J^eotin^  474 
J^Uralt  of  ammonia,  138 
baryta,  170 
bisiuuth,  341 
cobalt,  344 
copper,  320 
iron,  395 
lead,  329 
lime,  257 
magnf  #iB,  279 
mercurj,  389 
potat»a,  23 1 
silver,  402 
soda,  247 
strontia,  276 
tin,  313 
zinc,  307 
Jfiire,    See  Poiatsa^  nitrate  of. 
JiUrie  acid,  coniftorition  of,  127 
properties  of,  128 
process  for  preparing,  126 
purification  of,  127 
effect  of  light,  129 
o»c(i,  129 

proportion  of  real  or  dry 
nitric  acid  in  100  parts 
of  tht*  liquid  acid,  128 
represeutatire  nuruher  of, 
128 
ether,  537 
oxide,  122 


H                596                                                                                             ^^^^^1 

^^1                 Jfitritum,  luppoicd  bue  of  nJtrogeD, 

OrpimaU,  365                                  ^^^| 

■                               no 

^B                 A'ilrfgengu,  119 

Oinuum,  395                                      ^^M 

^M                                        how  procured,  119 

oiide  of,  395                       ^H 

^B                                         it>proper(ie.,  119 

^m                                weight  or,  120 

barjia,  601                            ^B 

^H                                          wilh  iodine,  132 

litoc,  507                                ^M 

calculi,  5Gt               ^H 

^^^^■1                             oorapoundi    of    a»j%ea 

eolB»a,  506 

^^^^H                                 nllli,  120 

.trontia,  507 

Onalic  acid,  o>t  of,  at  a  lett,  506 

^^^^F                               131 

^^^^^                       gaieoui  oxide  of.     See  M- 

praperlies  of,  605 

^B                                      frou  Oj^i. 

coiDpoiitioD  of,  505 

^H                JVUrD-lMUic  Kcid,  &eji 

found   native   in  rrgtli- 

^H                /filro-muTialic  acid,  130 

ble».  504,  no(t. 

a  poifon,  wbea  taken  io* 

^H                  AirrD-taccAnnrte  acid,  563 

leraailj,  505               ^M 

H                  A-i/roiM  acid,  lib 

Oxidation,  75                                       ^H 

■                                          formation  of,  196 

difTerent  tiaget  of,  75      ^H 

Oiiifi,  Celtic,  561                                ^H 

■                                 EU,  1S3 

xanlhic.  562                               ^H 

^H                                       propertiei  of,  193 

OxiJct,  how  produced,  3t3             ^^1 

H                                       applied  10  e.,riioo.e(ry,l44 

their^ol»biIit7    proporlki^B 

^^1                                             dccompatiliDH  or,  135 

to  their  o»jg*n,  814    ^^H 

^■^^                    Oiide,  190 

nomenclaliire  of,  76               ^H 

^^^^^V                                quaatilj   abiorbed    br 

hjrirosulphurelted,  218 

^^^k                            131 

Oxj/gtn,  uol  (be  Eote  principle  of  icidi- 

^^^^H    -                         mode      oblainiag,  120 

tj,  88 

^^^^^^^^ 

^^                                 effecli   oC  retpiring  il. 

ba«ei  with,  ua 

lai 

quantity    of    comhinrd   ailh 

MifrumjIammoTii,  139 

metali  infiueuco  the  iciion 

AiKieworcrjiUlf,  7 

ofacidi,  3J4 

prnpurlion  neueitarj  for  Ibe 

loJution  ofdiffereDtmtUh, 

O. 

214 

5a,,03 

procured     from     Tiriou 

0.1,  Dipper-  aniiDBl,  546 

■ubrlancet,  114 

of  vilriol.     bee  5Wf/mm  ^Cirf. 

its  propertie*,  84 

of  wjne,  536 

wfighiof.  84 

gB-,  193 

diminished     in    Gombu- 

olive,  method  of  Hlcerlaining   its 

lion,  116 

puritj,  4118 

aboaibed  b«  bodiet  horn- 

Oil; aoimal,  665 

ed,  86 

fixed,  ho»  obtained,  486 

il.un.oo  produce,  an  oi- 

with alkaticB  form  soap,  4B7 

ide,   ao    acid,    or    an 

rendered  drying  by  metallic 

alknii,  88 

oiide..  481 

iiippurl»  animal  life,  84 

iponlaneous  combuition  of, 

unequul  quanlily  otiiecet- 

4a8 

tarj     lo    differeut  aui- 

Tolatile,  or  et^eotiiil,  4^9 

oialt,  673 

BClinuofflCid.  on,  489 

appareQlly    nbaorbed   bj 

mode  of  delecting  (heir 

the  blood,  64 

aduKerution,  489 

Willi  hydrogen  form,  wa- 

O^fianl gai,  method  of  procitrinK,  197 

ter,    07^ 

properlieBof,  190 

con' hi  nation   of  nitrogen 

a.:lionofobloriEeOD,  197 

wilh,  120 

Oliit  Bcid,  560 

compound)     o(    chloriu* 

0,i,B^  j.iir;e  of,  coalain!  lugar,  525 

w.tb,  91 

0,.fi<m,  4114 

Oryiadet,  98 

Organic  and  inorpanio  compounds,  di<- 

Oiiodir  ucid,  S7                                _^H 

tmctioo  between,  454 

Ojryiedtnc,  98                                     ^^M 

niDEX. 


59? 


Oxymuriaite  aoid.    See  Chlorine 
OxjfmuriattM*    See  Chloridu^  91 


P. 


PaUadiumj  397 

oxides  of,  397 
sulpharet  of,  397 
Poncrtatie  juice,  555 
FaptTj  dark  blue,  round  togar  loafet, 

as  a  test,  505 
Pearls^  568 
Pec/ie  acid,  499 

how  obtained,  500 
propertiei  of,  500 
Ptwlathy  S38 

method   of  ascertaining  the 
real  quantitjr  of  alkali  in, 
240 
PearUwhUe^  341 
Pzat^  499 
Peehblmde^  346 
Perehlorie  acid,  95 
Peroxidtty  76 
Ptrtpiraiion,  fluid  of,  573 
Pe/reieiifn,  498 
Pewiefy  314 
PMogitton^  87 
Pkotgetu  gas,  177 
PkMphatt  of  iron,  298 
soda,  248 
lead,  331 

ammonia,  166, 169 
barjta,  274 
lime,  261 

oalculus,  560 
silf  er,  406 
PhotphaUe  acid  168 
Pk»Mf»hori^  solar,  56 
Pkoiphorie  acid,  166 

method  of  preparing, 

166 
glacial,  167 
properties  of,  167 
ether,  533 
Phosphorous  acid,  165 

properties  of,  165 
Phosphorut^  its  character,  162,  165 

compounds    with    phos- 
phorus   and    ozjgen, 
165 
with  iodine,  170 
mode  of  obtaining,  163 
Baldwin^s,  56 
Canton's,  56 
solution  of,  in  ether,  164 
its  combination  with  chlo- 
rine, 169 
with  sulphur,  172 
combines    with    metals, 

218 
Bo]ognian/|f'56 
Hoaberg's,  256 


Photphurtty  of  cart)on,  204 

copper,  323,  ne/e. 

gold,  413 

limei^260 

potassium,  237 

sulphur,  172 
Photphurcis^  metallic,  218 
Phosphuntted  hjdrogen  gas,  prepara^ 

tion  of,  171 
Phoiomeier^  55 
Pieronul^  554 
Pieroloxin,  473 
Pinehbtek^  325 
Pitchy  mineral,  498 
PU-eoaly  498 
PleuUr  of  Paris,  259 
PUuUrs.iSB 
Platinum^  416 

properties  of,  416 
oxides  of,  417 
test  of,  420 

•P<>nf?yi  418 

action  on  hjrdrogenandoxy^ 

gen  gttses,  418 
chloride  of,  418 
sulphuret  of,  420 
sulphate  of,  420 
muriate  of  as  a  test,  420 
ethereal,  sohition  of,  533 
allojs  of,  421 
fulminating,  420 
a  slow  conductor  of  caloric,. 

417 
ammonio-muriate  of,  418 
Plumbago^  298 

composition  of,  298 
PlumberU  solder,  331 
PneumaiO'ehemical  trough,  77 
Polarisation  of  light,  52 

calorific  rajs,  54 
PoUcnin^  521 
PolythroiUy  473 
Polassa^  preparation  of,  227 
properties  of,  228 
bjdrated,  227 
component  parts  of,  227 
sub-carbonate  of,  238 

method  of  ob- 
taining, 238 
bi-carbonate  oC,  24 1 

its  use  as   a 
test,  238 
chlorate  of,  228 
binan^enidte  of,  360 
columbate  of,  377 
aurate  of,  41 1 

mode  of  ascertaining  its  puri- 
ty, 239 
sulphate  of,  235 
bi'»ulpbate  of,  '236 
sulphite  of,  235 
bydro-tnlphuret  of,  234 
bjdrogureted    sulphuret    of, 
235 


MS                                        moac 

PHatKt,  nitrite  of,  Ml 

Purpuric  «oid,  S5T 

nitrite  of.  ^39 

Pu.,  565 

muriate  of,  238 

Pulrcfanlion^  546 

ohJomleor  bjper-oij muriate 

re>i<l«a  hj  charcoal,  tft 

of,  938 

Tet«rded      by     earbaw 

anvnite  of,  359 

acid,  547 

moljbdateor,  370 

PyriUi,  iron,  296                                         i 

oi&Ule  or,  UK 

coppc-r,  3«C                         ^^ 

bin-oxal«le  uf,  506 

Pyro[i«neB«.  .ci4,  Ml                      ^M 

quudraialatr  or,  606 

Pgiemtltr, »                                   ^^H 

c.lmte  of,  509 

UoDier*.  23,  lute.      ^H 

lortrale  of,  501 

PvromucoiK  acid,  4S«                        ^^| 

bi-Urtrate  of,  SOS 

Pyr^pAoru*.  Ho-bcrg'.,  431          ^H 

BcelRte  of,  541 

ferrocrBOute  nf,  300 

^1 

iiilpdnte  of  Bliimina,  and,  431 

perclilorate  of,  231 

loilatenf,  331 

hyrtriodate  of,  231 

Qu,ri..Itfr.     SeeJtftrewv.            ^^H 

^mlJi.  565                                              ^^H 

Biibpho-phate,  237 

517                                    -^H 

mclbnd  of  arcer- 

lainme  the  feal 

^H 

qiianlitj  of  al- 

k.lHn,S40 

detection   of   adultcnlion    of, 

Aadiant  heat,  31                            ^^H 

939 

Aayj,  lumlLou^  54                           ^^H 

deoxidizing,  54                    ^^^^H 

mode  of  procnririfc,  224 

^^H 

ill  pTOpPIlie',  236 

Rr-agiTU),  A^a                                ^^M 

Oiirles  of,  a!6 

Jttalgar.  365                                         ^^H 

)ti  action  on  water, S2G 

Ar(f-ic^<f,  327                                   ^^M 

chloride  of,  82a 

Rrguliu  nKTiial  ofaatioMnj,  33*  ^^| 

Ljdraret  or,  331 

Acmef.                                                    ^H 

Jtc<i>u,  TigelabU,  491                    ^^1 

.ulpburet  of,  334 

anJiMsof,  492                   ^H 

allovt  of,  342 

AMpimfion,  5T'2                                ^^B 

Klloj  af  tellDriiim  with,  354 

producea  carboDK   mW, 

ratauiuniti  hjciroEfn  gan,  231 

i,7a 

i>i>ra(<i,  aDnl;<i»  of,  4^6 

e&r(  of,  an   (he   blood, 

pTttioitatt  ptr  ti,  red,  3n3 

573 

Frttipttattty   apparatui  for  drjing,  46, 

Rttt  muconnn,  562                            ^H 

nort. 

fercifiilation,  13 

AAcutn  palmatum,  HO                  ^^M 

Rhadium,  396                                 ^^H 

Prtttun,  inAuenre  on  boilinr  point  and 

.llo;>of,39T                 ^^1 

fnraiatioa  of  vapour,  43 

..>id«  of,  39V               ^H 

Primilivt  hrmr,  1 

Rorhi'lU  Hit,  503                               ^H 

PrinliT,'  type.,  319 

Auttft,  521                                         ^^1 

^^^^^^h                        flcnernU;  deinite,  16 

■ 

fl 

^^^^^1                         multiplin   of  each   other, 

^^^^^P 

^^^^^^ 

SMeABraf(oriead,4S4                    ^^| 

^V                 rntf-thlariati,  215 

SoctAalalei,  5&3                                      ^^1 

^M                    Proloxiidn.iU 

SacUtclic  sad,  552                                  ^H 

^H                    Prvitian  blue,   method  of  preparing. 

Saftty-ianp,  conatruotmn    of   Kr^H 

H                                                 399 

L>a«,^    105              ^H 

^H                      Fruttialt  of,  pnlnuiB,  triplr,  300 

principle  of  iu  oparal^H 

^^1 

^K                   Purpit  powder  of  Cataiui,  413 

Sq^ou<er,  511                                       ^H 

JSBXX. 


M# 


A^,  469 

StU  ammoniac,    8«e  JimumwiOj  man- 

ate  of. 
Sal  pruiielle,  232 

component  parts  of,  555 
SaUp^  469 

jSoI/,  comiuon.    See  8»da^  muriate  of. 
of  torrel.     See  Oxalic  Acid, 
petre.     See  Fotatta^  nitrate  of. 
spirit  of.     See  M%iriatic  Acid, 
SaUt^  88 

infoluble,  diiunited  bj  Gal? an- 

if  m,  68 
neutral,  20 
Sand  in  urine,  560 
Sarcoeoll^  474 
Saturaiion^  4 
ScaU  of  equivalents,  tO 
StaUt  of  titb    568 
Seailet^  solution  of  tin  used  in  dj tinc« 

312 
Stdatire  xalt.     See  B9ra€ie  Acid* 
Sei^ette^s  nalt,  503 
SnUnitiies,  356 
Selentc  acid,  356 
Seienium^  355 
SeUnureitd  hjdrogeB,  959 
Stparator^  533 
Seroi%tu^  549 
Strwniy  548 

Stsqat'Carbonaic  of  todti  260 
ShcUty  567 

<Ssitea,  attempts  to  dccom|)ose,  422 
mttbod  of  obtainll^f,  426 
properties  of,  427 
tf fiinitie*  for  otber  eaflbsi  427 
mHaaiid  alkali,  427 

fluoric  icai>,  428 
Silici  fluoric  acid,  428 
MMtwtif  422 

b^druret  of,  422 

how  obtained,  422 
properties  of,  423 
action    of  potaMt, 

on,  433 
aulpburet  of,  424 
action  of  chlorine 
on,  424 
ofpotatsinn, 
425 
alloTS  of,  425 
oxidation  of,  425 
oxide  of,  426 
&7rer,  properties  of,  390 
taroi»hing  of,  399 
oxide  of,  399 
chloride  of,  401 
chlorate  of,  402 
sulphate  of,  405 
nitrate  of,  402 

its  oso  M  a  test,  404 
acetate  oi^  544 
nitrite,  404 


Sih^^  purification  of,  399 
horn,  401 

fulmiaating  conpoandt  of,  400 
solvents  of,  ^98,  400 
phosphate  of,  406 
allojrs  of,  407 
standard,  407 
salphuret  of,  406 
as^ay  of,  40ii 
3tffi}for,  325 
Site,  563 
Skin,  562 
SmaU,  346 

SmtlU^  destroyed  bj  charcoal,  174 
Soap,  487 

dissolved  in  alcohol,  as   a  tost, 

488 
transparent,  488 
Soda^  preparation  of.    See  PotoimL 
properties  of,  346 
bow  distinguished  flrom  potassa, 

245 
component  parts  of,  246 
bi'Carbonate  of,  250 
carbonate  of,  249 
arseniate  of,  361 
sulphate  of,  248 
bi-sulphate,  248 
sulphite  of,  247 
nitrate  of,  247 
chlorate  of,  247 
phosphate  of,  248 
sub-borate  of»  250 
iodate  of,  247 
citrate  of,  509 
acetate  of,  541 
tartrate  of,  502 
Sodium^  244 

abloride  of,  24S 

decomposed  bj  ear; 
bonate  of  potass% 
246 
Iodide  of,  247 
properties  of,  244 
oxides  of,  245 
amalgam  of,  251 
Solat  phosphoric  56 
Solders,  331 
Solids,  expansion  of,  bj  beat,  22 

absorb  beat  m  becoming  liquid, 
39 
Sohiiion  defined,  4 

effects  of  minute  division  af 

bodies  on,  12 
generally  produces  oold,  39 
Sorbic  acid.    See  Malic  Acid, 
Sorrel,  salt  of.    See  0:rai*€  Add, 
Spar,  calcareous,  262 
Specific  gravity.      Saa   Qfwriljf  sped' 
fit. 

caloric.    Sea  CoJarte. 
Speculum  laetal,  325 
Spectrum,  solar,  beat  aad  ligbt  o(  64 
Spellre^  306 


^M                flOO 

INBEX. 

^^ 

^H            sptrvutctii,  see 

Sugar.  , 

^^1 

^M                  Spirit,  pr<K>r,  530 

of  «.ilk,  552                          ^H 

^H                               !.r»m«,&S8 

Svlphalt  oC  aIu[i.ji,B,  433                  ~^B 

^H                  Amntc  acid,  313 

ammonia,  158 

^H                  £farcA,  s  dclioal«  I»t  oC  iadmc 

,466 

amiuonia     and    mafveiii, 

^^H                               codTcrli-d   bio    lugar 

in    tbe 

3J<1 

^H                                        proce»  of  mailing,  467 

borjla,  271 

^^H                               node  of  obtiiining,  <Me 

bismuth.  342                    ^_ 

^H                               properties  of,  i66 

copper,  383                   ^H 

^^H                               nielhod   of  coDvertins 

it  into 

iron,  396                     ^H 

^H                                   »o|ar,  468 

]«aa,  330                           ^H 

^H                               iDalTsi'  of,  468 
^^H                     Slarthy  lignm,  469 

lime,  959                          ^H 

1ilhia,953                      ^H 

^H                   SfMtn.     See  fa/iaur,  latent  hen 

lof,4S 

Biagneiia,  589                  ^H 

^H                                    invitible,  47 

mercnrj,  392                ^M 

^^^1                                ipplicable  to   the   purpoie   or 

poUMB,  235                     ^H 

^H                                         LealiuK  bodiei,  46 

ailrer,  405                    ^H 

^H                      $r»n>i«,  566 

.  .oda,  248                      ^m 

^B                    Slett,  a  comprxmd  of  iron  and  carbon. 

atronlia,  976                   ^H 

^H                                              303 

314                          ^M 

^H                                      303 

line.  307                       ^H 

^H                              nen  allof  t  of,  304 

Sulpha, 

^K                   Slibic  acid,  J35 

bBrjta,:27l                        ^H 

^^B                  Slibioui  Boid,  335 

258                            ^H 

^^B                     £liJ(,  common,   110 

toagaeiia,  380                   ^^H 

^H                    £fiin«,  anaJjiii  of,  438 

potatiB,  235                    ^H 

^^B                    Sirentia,   propertien  of,  973 

S47                        ^H 

^H                                    carbonate  of,  S77 

copper,  339                    ^^H 

^H                                          Rulphateor,  976 

lead,  330                            ^M 

^H                                nirrou  of,  276 

Sulphit, 

u,  luIpUuretted,  156            ^^ 

^m                                   muriate  of,  376 

Stitpkui 

■,  purilj  of,  148 

^H                                    chlorate  or,  276 

properliei  of,  146 

^1                                     oxalate  of,  507 

conUiui  hjdrogeti,  147 

^■-                                   acetate  of,  549,  note. 

oijgen,  147 

^H                     SfrMfium,  375 

combuttion  of,  148 

^1                                        chloride  of,  !76 

alcohol  of,  209 

^H                     SlTgthnia,  496 

iodate  of,  158 

^H                         Subiorofc  nf  loda,  350 

comhlnatiaD  of  cblorine  wiUi, 

^H^                    Subcarlionafe  of  umniDDia,  1G6 

158 

^H 

combinatioa   of  iMlali  intk, 

^B                   Subchhridt  of  lead,  338 

917 

^H                      Su&er,  475 

milk  of,  147 

^H                      Sufriric  acid,  475 

SulphartI   of  palaMium,  934           ^^ 

^H                   SablintaU,  corroFire.  386 

•Ddiam,347,  TMfc.     ^^M 

l>me,  958                      ^H 

^B                                            n.er^„.;,  384 
^H                   Sufrnirmfe  of  leail,  398 

carbon,  309              ^^M 

iodine,  158                 ^H 

^H                    aubtuipkulc  of  copper,  »3 

413        ^m 

H                                               mefcurj,  393 

405                    ^M 

^H                     Siutiimlti,  493 

mttcuty,  391             ^H 

^H                     Succinic  acid,  498 

palladium,  J97          ^H 

^H                     Su^ar,  463 

copper.  399               ^H 

^H                                       prpparation  of,  463 

S95                    ^H 

^^1                                 oblaiQBd  froiii  serenl 

ye get a- 

Dickel,  380                 ^H 

^H                                                           bl^S  463 

^H 

^H                                                  from  ^rapet,  464 

lead.  339                    ^H 

^H                                  equiralenl  of,  465 

nne,  307                     ^H 

^M                                  propertiei  of,  464 

bi.»uth,  341      ^m 

; 

anlimonj,  335           ^M 

^H                                  itsrcfa  conrerlible  idIo, 

468 

ar.enic/364                 ^M 

^^ft                                 render!  nitroua  acid  a 

tolvent 

cobalt,  345.  ntU.       ^" 

^H                                 animal,  464 

INDEX. 
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Stdphufiis^  metallic,  f  17 
SulphweiUd  hjdrogeo,  158 

with  metab,  218 
test  of  lead,  330 
test  of  anenic, 

367 

gas,  qaantity  of 

absorbed    bj 

water,  159 

gas,   modes    of 

prociiriDg,159 

properties      of, 

159 
with  alkalies  and 
earths    forms 
bydrosalpha- 
rets,  161 
liquefaction    of, 
576 
snlpbites,  156 
Sulphuric  acid,  150 

component    parts    of, 

151 
porification  of,  155 
decomposition  of,  155 
manufacture  of, 
theorj,  153 
use  of,    155 
method  of  ascertaining 

the  strength  of,  152 
glacial,  156    ^ 
quantity  of,  in  acid  of 
different     densities, 
how  ascertained,  152 
Dative,  156 
ether,  531 
Si/^hvuwu  acid,  formation  of,  148 

component  parti  of, 

149 
conrertible  into  sul- 
phuric acid,  149 
liquefaction  of,  575 
Sumach^  483 
Sun  6eaiiu,  consist  of  three  kinds  of 

rajB,  54 
Supet'Oxalate  of  potassa,  506 
Super-tulphureiled  hydrogen,  161 
Supet'iarircUe  of  potassa,  502 

a  flux,  502 
Sympathtlic  inks.    See  Inks, 
Synovia^  555 
Syniht$u^  20 

T. 

ToZ/otr,  565 

Tany  from  galls,  476 

properties  of,  477 

action  on  gelatine,  477 

quantity     afforded    bj    different 
b;  rkt,  477,  note. 

artificial  formation  of,  477,  478 
Ttmnait  of  lead,  477 
TViintn  476 
Tanne-gelo/Afte,  477 

76 


Tantahany  the  same  with  colnmbium, 

376 
Tapioca^  469 
Tar^  mineral,  498 
Tartar y  cream  of,  502 

emetic.     See  AnHmony^  tar* 

tarized 
soluble.    See  PoiatMa^  tartrate 

of 
Titriolated.     See  Potatta^  sul- 
phate of 
Tartaric  acid,  mode  of  obtaining,  500 
properties  of,  501 
analysis  of,  501 
Tartrate  of  potassa,  501 

and  soda,  503 
7Vof#,  555 
Teeth,  569 
Tellurates,  354 
Teltureted  hydrogen  gas,  355 
TeUurium^  353 

acidifiable,  354 
hydruret  of,  364 
compound    of    hydrogen 

wilh,  354 
action  ofnitric  acid  on,  354 
of  chlorine,  354 
Temperafjfire^  change  of,  produced  by 

chemical  union,  12 
influence  of,  on  chemical 

affinity,  12 
what,  39, 49 
method  of  ascertaining, 

28 
change  of,  produced  by 
solution,  39 
Temperirtg,  304 

Tenacity  of  different  metals,  212 
TendoTUy  564 
Tests,  444 
Thermometer^  26 

its  construction,  26 
rules  for  reducing  ^a»es 
to  a  mean  height  of 
the,  82,  note, 
differentia],  ^9 
WollaplonV,  for  measur- 
ing^ heigbtn,  43 
Thermometers^  variouf ,  correspondence 

between,  27 
Thoracic  duct,  fluid  in  the,  571 
Thorina^  437 

how  prepared,  4Tf 

propertie9  of,  4"i7 

iu  what  re»f)ects  it  differs  from 

other  earths,  438 
a  pho»phdte  of  yttria,  438, 
note. 
2rVn,  chloride  of,  311! 

precipitation  of  gold  by,  412 
muriale  of,  tej«t  of  mercury,  312 
•      properties  of,  310 
oxidenof,  310 
amalgam  of,  314 
sulphate  of,  3M 


SOS                                               IBDKX.                                ^^^^^^H 

7Vn,ar>pmiteor,36I 

f-»s.(«il(j.ny,4fi3 

niimteof,  313 

wuriale  nf.  311 

analjfi.  of,  455 

Ditr«-nji.mlr  of,  3)t 

VigtUbUi^  grairih  .>r,  affectiM]  by  ol^ 

■c.  I«ie  of,  S43 

bonic  aciri,  184 

Urlrttt  or,  503,  »«((. 

proiituale  ptiucipln  of,  4S4 

general  lawt  recpecting  Ibt 

bIIdji  of,  314 

compOMLoi  .«,  460 

Br*cni>lepf,  361 

acid*  found  nalm  in,  49) 

TiMal.  350 

Bted  oil*  obtaioed  froB,4U 

T</ur..um,  3J9 

rttaigru,  542 

mel.llie,  349 

r.-rf.(«'.  3^4 

TVimiie  Bcid,  350 

»'«rn..awn.  391 

Tonibac,  325 

Ktiif^r,  539 

T«n(l(,  463 

dittiiled.     See  Jlcuovt  Jtii 

7nVe  rokuiiu.  501 

rtnaui  fermcDlBlion,  S36 

7ui(,  drappiai;,  445 

fitriol,  blue.     See  fo/i/"'',  nilpbile  of, 

Tulipi,    Mtittuliir    mibalanc*   from   the 

333 

pollen  of,  &9I 

prren.     See  /ron,  lulpi^ttor 

TtmgilBit  of  lime,  373 

white.     See  Zint,  Bulphale  of 

of  ■n.moDiu,  375 

roUa;  todiometer,  US 

Tungtltji,  chBfBCltr.  of,  .13 

pile,  63 

8nMr*i.  of,  375 

tulphurel  of,  375 

chloride  of,  374 

W. 

Diidet  of,  374 

Rad,  btark,  28$ 

propttli«»  of,  374 

Hattr,  .upputed  Dot  lo  condoct  hnl, 

Tvrptlh  miutrrsl,  393 

3M 

Turf,  499 

1.  ■  ilow  conductor,  38 

7ur.,if  nt,  SIS 

oompo.ition  of,   107 

Tuqiintint,  oil  of,  491 

pcoporlioaof  theeletnratt  al^ 

conterted  into  a  kind  o 

107 

camphor,  491 

BT».lji>i>  of.  IDS,  too 

TMltniig,  325 

proprriiei  and  cffecti  of,  111 

Tupcmtlal,  339 

canlniria  air.  ill 

conlainedin  the  at »«>plMn  it 

■ 

CTmin,  472 

the  drietl  weather,  14S 

C/rnniuni.  346 

analjti,  hj  jal.'ani.B..  tlO 

brii.ing    vesel*bk% 

no 

nropprtiet  of.  550 

ekroml.of,  558 

lio 

Uric  kcid,  557 

comprexible,!!! 

o»louUi.,  560 

oijcena'ed.  111,  3B7 

VHnt,   lugar  found  in,  SflO 

cbiinge  of  tetiipemlurE  prodiiet4 

grarel  In,  660 

bv  solution  of  bodies,  3) 

cnliriill  in,  560 

eipand.  by  cold,  57 

diMilJnlioD  of,  SS7 

decompoird  hj  (alvaniFni,  110 

■iibtlsnco  in,  S56 

Rpparatut  for  thovring  the  cobt 

cliingei  of,  in  diicBiei,  S59 

po.ilion  of,  108 

appamtm  for  fhoirinR  the  i^ 

V. 

compofitioDor,  109 

dunef  r  of  leaden  »r»el.  f«r,3« 

Kocuum,  radiation  in,  33 

ITu/eri.  mineral.    £«e  Minxnt  Wali» 

bnilinE  in.  43 

Hai,  484 

Height,,  ab'olule,  of  gnie«,  82,  no/t 

ropowr,  caloric  the  cuiiae  of,  S9 

B>W,»«,4l6,nB/e. 

inAutnce  of  preifure  on,  47 

H-rllhtr't  tube  Of  Mfelj,  91,  noft. 

VapBUTi,  latt'DI  hK>l  of,  4S 

HTt,),,  5.ia 

Vamuhri,  494 

tfkilr,    how    prndaced    on    a    bUek 

VtSttabU  acid..    Spf  Jc.ii 

ground  in  calico  priming.  4S4 

extract,  472 

lead,  331 

i 
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Whit9  tar,  SSt 

Wme^  tests  of  tht  presence  of  lead  in. 
390 
oil  of,  536 
Wins^  tenacitj  of,  fit 
WWrmtkt  973 

lfMifMlen'#  theorj  of  crystals,  8 
i¥—dt  qnantitj  of  oharcoel  afforded 
bj  diinrent  kinds  of,  174 
1  ITeetfy  fibre,  476 
'^iiel,  565 

Wmtift^i  apparatus,  90,  no/e. 
ITeelsr,  303 


X. 


XnUkU  oxide,  562 

T. 


FeOsis,  mineral,  or  patent,  328 

dres,  483 
Ttlria,4M 

method  of  obtaining,  436 

its  properties,  436 

precipitated  bj  prassiates,  436 
nrirtiim,436 

phosphate  of,  436 


Z. 


2i|^e,  346 
Zetne,  524 
Zttnome,  471 
Zinc,  30S 

allojs  of,  309 

afseniate  of,  361 

acetate  of,  542 

purification  of,  305 

properties  of,  305 

chloride  of,  306 

iodate  of,  307 

oxide  of,  305 

solution  of,  in  hydrogen  gas,  908, 
no/e. 

sulphate  of,  307 

nitrate  of,  307 

muriate  of,  306 

sotphuret  of,  307 

phosphuret  of,  308   , 

carbonate  of,  308 
Zirtonia,  method  of  obtaining,  433 

its  properties,  434 
Zirconium^  433 
Zumie  acid,  514 
Zoophyicf^  568 
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